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Botany. — “On the influence of electrolytes on the motility of 
Chlamydomonas variabilis Dangeard”. By C. Spruıt P.Pzn. 
(Communicated by Prof. Wenr). 


(Communicated in the meeting of November 30, 1918). 


The reactions of unicellular motile organisms to external stimuli 
are not always equally prompt. We speak of “condition”, probably 
due to one or more of these incaleulable factors which make experi- 
nıents with living organisms so troublesome. 

In the case of Chlamydomonas variabilis Dangeard I have found 
that the case of response of this unicellular, motile green Alga to 
light, gravity or chemotactie stimuli depends not only on the nature 
of the dissolved substance, but also on its concentration. By systematic 
investigation of the motility of the Alga in solutions of a few salts, 
an attempt has been made to obtain some idea of the manner in 
which electrolytes influence this phenomenon. Although it would 
have been desirable to investigate the influence of numerous eleetro- 
Iytes, it has nevertheless become clear from the data collected hitherto, 
that the action of electrolytes on the motility of Chlamydomonas 
agrees in many respects with their action on the solution and preei- 
pitation of colloids. 

A culture method, indicated by JacoBsEen '), was employed in order 
to make large quantities of Chlamydomonas species available. 

After cultures had been obtained continuously for some months 
by inoculation, the experiments were undertaken. Part of each culture 
employed was fixed with formalin. Determination showed that the 
eultures always contained almost exelusively individuals of Ohlamy- 
domonas varıabilis Dangeard. 

Under favourable conditions this species is sensitive to light, to 
gravity and to some chemotactie stimuli. Under certain conditions 
the Alga reacts also to contact, by attaching itself to solid objects. 
In the experiments Chlamydomonas generally reacts negatively to . 
light, sometimes a positive reaction is observed. The latter was more 
frequently the case if the alga remained in the eulture fluid. 

Under the influence of graviiy an obvious and rapid positive 


') H. C. JacoBsen. Zeitschr. f. Bot. Bd. II 1910. 
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reaction was noticed (positive geotaxis), whereas in the literature 
Chlamydomonas pulvisculus is stated to have a negative geotactie 
reaction. Very dilute acids-and phosphates were found to be positive 
chemotacties for Chlamydomonas. The alga reacted with negative 
geotaxis to more concentrated acid solutions and to bases. 

All these reactions _were clearly observed with the alga in 
distilled water. Addition of small quantities of acid and base caused 
the reactivity to decrease. Above a certain concentration no reaction 
oceurred. It could be observed microscopically that in such cases the 
motility was greatly diminished. The reactivity and motility could 
also be decreased by adding salts. The concentrations for salts were 
greater than for acids and bases, but nevertheless still small, 

Increase of electrolyte concentration (whether by addition of acid, 
base, salts or combinations of these) diminished the sensitiveness to 
light, to gravity and to chemotacties to an approximately equal 
extent. By means of the reactions indieated the influence of electro- 
Iytes on the motility of the alga was investigated. 

It was very easy .to separate the individuals of Chlamydomonas 
from the ceulture-fluid. For this purpose the fact was utilized that 
in cultures suffieiently dense for experiments, the alga was in such 
a condition that it readily attached itself to solid bodies. A glass 
tube of about 0.5 e.m. diameter, sealed at its lower end more or 
less to a point, was filled with the culture fluid. The tube was placed 
vertically in unilateral diffuse daylight. After five minutes a green 
band of algae was visible at one side of the tube. In this condition 
the motility is still so great that the algae all swim to one side of 
the tube, where they come into contact with its wall. In consequence 
of this contact they had fastened themselves to the glass. They were 
so firmly attached that it was possible to suck out the culture fluid 
with a pipette while the algae remained sticking to the wall. Next 
a quantity of distilled water was introduced into the tube, which 
was then shaken to distribute the algae in the water. The tube was 
again placed in a yertical position and exposed to unilateral diffuse 
daylight. Under the influence of the distilled water the algae showed 
not the slightest tendeney to attach themselves. The light indeed 
caused them to colleet on one side of the tube as a dense green 
band, but under the influence.of gravity the algae constituting this 
band soon moved to the bottom, so that after five minutes there 
was a distinet accumulation at the lower end. 

By means of a pipette the water could now be removed almost 
completely. After this preparation of the algae tbe solution of which 


the effeet was.to be investigated, was introduced into the tube. 
| 51* 
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From what was said above p. 783 line 15 it may be deduced that 
it (practically) makes no difference, whether the reaction to light, 
or to gravity or to chemotactics is employed to Judge the motility 
of Chlamydomonas. A reaction was sought which could easily be 
followed macroscopically. The gravitational one was found to be 
the most suitable, for it was easy to ascertain, whether the alga 
definitely moved towards the bottom, or whether the motility was so 
small, that there was no question of a downward movement. In the 
former case a definite accumulation was soon-formed at the bottom of 
the vertical tube; in the latter case no clear accumulation was observed. 
The result of the experiment was always noted after ten minutes. 

According as the algae reacted to gravity, or not, it was possible 
to aseertain, whether the motility in a given solution was fairly 
large or very small. In all solutions in which the alga reacted to 
gravity the motility was not uniformly great; nor was this the case 
in tlose solutions, in which no reaction could be observed. We 
could, however, determine the liıniting eoncentrations at which the 
reaction to gravity still oceurred and at which it could no longer 
be observed. By making a series of salt solutions of increasing con- 
centrations in distilled water, it was possible to determine the con- 
centration of the salt at which a reaction was still just observable 
and that, at which a reaction no longer occurred. The concentrations 
between these two limits may be called transitional concentrations. 
The mean of the two limits we may regard as the concentration, 
‘at which, at least theoretically, the transition took place from a 
condition of motility in which the reaction to gravity occurred, to 
a condition of motility in which the reaction no longer took place. 
This concentration we call the eritical transitional concentration or the 
eritical concentration. 

For solutions in which the salt concentration was constant, whilst 
the H'-ion concentration increased regularly, we N speak of 
the limiting and of the eritical concentrations. 

The values of the limiting concentrations become much more 
certain by making each experiment six times. As the two limiting 
concentrations we regarded that,one, at which all six tubes showed 
a definite aceumulation and that one, at which no aceumulation 
oceurred in any of the tubes. Concentrations at which a positive 
reaction was found in some only of the six tubes, were regarded 
as transitional and were left out of account. 

In order to obtain a clear pieture of the influence of a salt we 
must pay attention to the H'-ion concentration of the solution. The 
solutions which were employed in investigating the effect of a given 
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salt, not only varied in a regular manner as regards eoncentration 
of the salt, but the degree of acidity was also varied regularly. 
The hydrions are the cause of the effeet which small quantities of 
acids exert on Chlamydomonas. The effect of small quantities of 
basis is due to hydroxyl ions. 

The product of the-H'-ions and the OH’-ions is constant in 
aqueous solution at..any given temperature. Hence the strength of 
an alkaline solution can be expressed by the H‘-ion concentration. 

We now proceeded as follows. First the eritical concentration was 
determined for solutions of a given salt in distilled water. Then the 
same was done for solutions of the salt containing 0.00005 n. acid, 
and next for those containing 0.00010 n. acid, ete. Finally small 
quantities of base were added to the salt solutions in order to 
‚determine in the same way the limiting concentrations and the eritical 
concentration for series of solutions which were feebly basic instead 
of feebly acidie. 

Since the effect of electrolytes is due to the ions, it was necessary 
to ensure that a regular variation of ionic concentration was indeed 
obtained by the procedure ontlined. With regard to the ions ofsalts 
there need be no doubt, but for the hydrions this was not self- 
evident. : 

The hydrion concentration of 0.00005 n. sulphuric acid for instance, 
is in practice not always equally great. It was possible, by adding 
small quantities of acid or base, to obtain regularly incereasing or 
decreasing H°-ion concentrations by following the following directions. 
The solutions of a salt were made acid or alkaline by addition of 
the acid or the base, which had an anion or a cation in common 
with the salt (a sulphate was therefore acidified with sulphurie acid, 
a potassinm salt was made alkaline with potassium hydroxide). All 
acid solutions of a salt were prepared with the, same solution ofan 
acid and likewise all alkaline solutions with the same solution of 
a base. Newly distilled water was always used. 

Although a regular variation of H'-ion-concentration was thus obtained, 
its absolute value was unknown. Nor was it possible to eompare 
mutually the H'-ion concentration, and therefore the degree of acidity, 
of solutions acidified with hydrochlorie and sulphurie acids. 

For solutions of sodium acetate at different H'-ion concentrations 
the absolute value was determined eleetrometrically. These solutions 
eontained sodium acetate and acetic acid. The solutions were again 
employed in series, and in each series the concentration of the 
sodium acetate varied in a regular manner. By paying attention to 
the relation of the acetate concentration to that of the free acetie 
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acid, it was possible to ensure that in each series the H-ion concen- 
tration remained approximately constant, while for the various Berker 
the H--ion concentration varied in a regular manner. Of the solutions 
containing the limiting concentrations of sodium acetafe, the H°-ion 
concentration was now determined eleetrometrically. 

Mixtures of sodium acetate and acetic acid have a H'-ion concen- 
tration which in practice is well defined, can be caleulated in advance 
and can moreover be readily determined electrometrically. These 
mixtures are “buffer solutions”. 

The experiments were carried out at room temperature. The 
literature indicated that in so far as the influence of temperature 
on chemotaxis has been investigated at all, it is insignificant. Nor 
has a great influence of temperature on certain phenomena of 
colloidal chemistry, e.g. on the stability of suspensoids, been recorded. 

For a series of solutions of carbonie acid in tap water the limifing 
concentrations were determined at 25° ©. and at about 0° C. For 
both temperatures the same result was obtained. Nevertheless the 
temperature was always noted. 

We always worked in diffuse daylight. An attempt to carry out 
the experiments in the dark was unsuccessful, as it yielded very 
irregular results. 

The limiting concentrations observed and the critical concentrations 
caleulated from them were plotted graphically for each of the salts 
investigated. 

On the abscissa-axis of a biaxial system of reetangular coördinates 
the concentration of the salt was plotted, and on the ordinate axis 
on one side of the origin the concentration of the acid, on the 
other side that of the base. For mixtures of sodium acetate and 
acetic acid the acidity was indicated by plotting the H°-ion concen- 
tration on the axis of ordinates. 

The limiting eoncentration at which the reaction to gravity still 
just occurred was indicated by, the limit at which no reaction was 
visible by °. The points found for the eritieal transitional eoneentration 
by caleulation, were conneeted by a ceurve, which was regarded 
as the boundary between the region containing all eoncentrations 
of salt- and base, and of salt and acid, at which the gravitational 
reaction took place, and the region of concentrations, in which no 
clear reaction occurred. 

Figures 1, 2, 3, and 4 reproduce the curves for K,SO,, sodium 
acetate, KNO, and KÜl, at least in so far as they have been 
determined. 


In order to prove that the effect of acid and base was due to 
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the H--ion concentration of the solution, a series of solutions was 
prepared, which all contained 0.01 normal sodium acetate, but 
varying quantities of free’acetic acid or free sodium hydroxide. We 
thus obtained series of solutions in which the concentration of 
the acetate was constant, while that of the H--ions varied gradually. 
The concentration of -the other: constituents of these solutions was 
too small for them to have any significance. 

It was now found, that the reaction to gravity did not take place 
at all or took place badly in the most acid and in the most alkaline 
solutions of the series. The H‘-ion concentration of the limiting 
solutions was measured electrometrically and was found to be for 
acid solutions between [H:] = 10-5? and [H:] = 1055 (the H'-ion 
concentration was expressed in gramions per litre), and for alkaline 
solutions between [HJ] = 10-107 and [H:] = 10-112. We may assume 
that, in this case at least, the effect of acid aud base is to be 
attributed for the ınost part to the H--ion (or OH’-ion) content. 

The same experiment was repeated with solutions containing instead 
of acetic acid and an acetate, malie acid and a malate (these solu- 
tions always contained 0.01 grammolecules per litre of sodium 
malate). For acid solutions the limit was here found to be between 
H:]= 10-51 and [H:] = 10%? and for alkaline solutions betweeri 
[HJ] = 10-198 and [H:| = 10-141. These results confirmed the con- 
ception of the influence of the H--ions. The displacement of the 
limits in acid malate solutions with vespect to those of acid acetate 
solutions showed, however, tlıat even small concentrations of salt 
also eontribute to the effect. 

In order that enough observations could be made to give an idea of 
the behaviour of the alga in solutions of a single salt, it was often 
necessary to use a fresh culture. In that case the last determinations 
with tle old culture were repeated with the new one. Öften the 
results were not completely identical, but the differences between 
the two cultures were generally so small, than they could be ne- 
glected. In the experiments with KCl, however, once a great displace- 
ment of the limiting concentration was observed on using a fresh 
eulture. Figure 3 shows bow in solutions containing in addition 10 
KCI, 0.00065 normal KOH, the new culture showed a modified 
behaviour. In consequence of.this the curve consists of two discon- 
tinuous pieces. It is probable that the new piece would indeed be 
a continuation of the old, if we displace the new piece in a hori- 
zontal as well as in a vertical direction. The dotted lines would 
then probably unite the portions of the two pieces which correspond. 
In using new cultures with sodium acetate a less pronounced dis- 
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eontinuity was found. The portions 1, Il and III were each obtained 
with individuals from a different culture. 

The cause of the different behaviour of the eultures is probably 
to be found in the fact, that the nutrient solution for the eultures 
had not the same composition when used. "The plasma colloids 
probably form «compounds with acids and bases and adsorb all 
kinds of ions. If the nutrient solution were not of the same com- 
position, then the behaviour of the plasma colloids (and it was 
probably these colloids that were affected by the electrolyte solu- 
tions) need not be constant. That the fluid from the cultures had 
not always Ihe same composition was pretty certain. 

The treatment of the alga, before 
ALTTT TIL J-1] it was used in the experiment (com- 
2 pare p. 783) was such that only the 
eulture fluid was removed completely. 
That the treatment removed sub- 
stances from the organisms themsel- 
ves, is not probable. But this must 
have been the case, when the wash- 
ing in distilled water lasted longer 
than half an hour. In that case the 
sensitiveness. to eleetrolyte solutions 
was greatly increased. 

Only the curve for potassium 
sulphate is quite complete‘). The 
course of this curve is, for the most 
acid solutions (from 0.00015 n. H,SO,) 
onwards, quite different from that 
for the most alkaline solutions start- 
ing (from 0,00100 n. KOH). In the 
latter case we can understand the 
course, if we suppose, that the effect 

A of the salt and of the OH’ion is 

So ı ı 93 s 6 T 8 9° more or less additive. For the beha- 
conc.K,S0, 0,01 mol. r ; 2 r 

Fig. 1. viour of potassium sulphate in com- 

pany of H--ions (acid) there is no 

question of addition. If we follow the curve in the acid solutions, 

starting from the ordinate-axis, we see that the curve at first enters 

higher into the acid region, i.e. that small quantities of salt brought 
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about that a greater H--ion concentration can be tolerated. After 
the concentration of the sulphate has become 0.09 normal, the curve 
recedes again and later on makes another bend (to 0.00015 n. 
H,SO,, 0.12 n. K,SO,), which we may eonsider due to the H‘-ions 
counteracting somewhat the effect of the salt in this portion of 
the curve. - z 

The course of the eurve for sodium acetate (fig. 2) is in the most 
acid solutions (from about [H:] = 10-32 to [HJ] = 10 €) of the same 
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nature as that of the curve for K,SO, in the most acid solutions. 
It was not possible to indieate this H'-ion concentration for the place, 
where the curve reaches the ordinate-axis. In so far as the curve 
has been indicated in this portion, we likewise see two bends; the 
first is eaused by small quantities of acetate counteracting the effect 
of the H'-ions, while the second is again brought about by the 
H:-ions diminishing the effect of the salt. 

That the influence of base and of salt was approximately additive, 
while acid and salt interfere with each other’s action, is an impor- 
tant phenomenon. 

The same phenomenon was observed by Harpr ') in floceulation 
and solution of globulins in acid and alkaline salt solutions. The 
globulins form colloidal solutions, which in their behaviour towards 
acids and bases, must be reckoned among the emulsoids. For they 
are colloids, which are positively charged in acid and negatively in 
alkaline solution, because they are ampholytes, i.e. substances which 
behave both as acids and as bases. 


ı) W. B. Hanpr, Journ. of Physiol., Vol. XXXIIl, 190506. 
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Probably in close connection with the bebaviour of globulins in 
acid and in alkaline solutions is the fact that the acid concentration 
at which the globulins went into solution, is very dependent on 
the nature of the salt present in solution, while the concentration 
of alkali is much less inflnenced thereby, if at all. This also was 
shown by Harpr. 

A corresponding peculiarity came to light in our experiments on 
the motility of Chlamydomonas. We found that the acid concentra- 
tion in acid malate solutions was displaced in relation to that in acid 
acetate solutions, whereas the alkali eoncentration in malate solutions 
was not so displaced in relation to that in acetate solution (see p. 787). 

In so far as concerns its motility with regard to acid, base, acidie 
and alkaline salt solutions, the behaviour of Chlamydomonas 
therefore showed a striking correspondence to the behaviour of 
emulsoid solutions of globulins with regard to the same reägents. 

We may therefore suppose, that the motility of Chlamydomonas 

under the influence of acid 


5 JERENDSAR and alkaline salt solutions, 
Sn ES.BEriind depends on a colloidal-chemi- 
za BEINBERST cal change of the cell, most 
2 | -HHHFFRHRH probably of the protoplasm. 
I va aa This hypothesis is not wholly 
ENEBRERBZUABT I 
a EREBEAEAN ARTS rotoplasm is 
E ale BEBEANDSER generally regarded as a col- 
8 3% DEZESISETE loidal mass. According to our 
3 ir Ei IIE ZBEREAE observations the plasma colloids 
all l ERFERFERET, would show some of the pro- 
conc.KNO, on. perties of emulsoids. After 


Fig. 3. having observed the corre- 

spondence between the effeet 

of acid and of alkaline solutions on the motility of Chlamydo- 
monas and their effeet on the ermulsoid globulins, we will next try to 
as certain whether the influence ofsalts!) on the motility of the alga 
shows any agreement with their action on emulsoids or indeed on suspen- 
soids. For this purpose we must examine the portion of the eurve for 
K,SO, between 0.00015 n. H,SO, and 0,00100n. KOK (fig. 1) and also the 
eurves for KCI (fig. 4) and for KNO, fig. 3) in so far as they are plotted. 
These portions of the curves. differ somewhat in shape. For KNO, 


') We suppose that in the portions of the curves now to be discussed, the 
influence of the salt predominates, while in the portions which have already been 
dealt with the influence of acid and base was more prominent. 
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the course is (he simplest; for K,SO, it is the most capricious. In 
one respect they agree, in that they are approximately symmetrical 
on either side of a horizontal line, which for KNO, lies at about 
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0.00035 n. KOH (fig. 3), for KCI perhaps at 0.00045 n. KOH (fig. 
4) and for K,SO, at 0.0040 n. KOH (fig. 1), although the axis of 
symmetry for KNO, and for KÜl is not horizontal. This symmetry 
is too striking to be neglected, especially in the case of KNO, 
(fig. 3) and of K,SO, (fig. 1). It seems to me an indication that the 
irregularity in this portion of the eurves is not caused by experi- 
mental errors; moreover the sixfold repetition of the experiments 
also warrants this. 

The symımetry was probably caused by the salts being active botlı 
with their cations and their anions. The part played by anions and 
cations, when the plasma colloids were positive, was probably 
reversed when the colloids were charged negatively. 

The complication in the course of the curves consists in the 
presence of maxima; with K,SO, (fig. 1) clearly five such may be 
distinguished, one at 0.00040 n. KOH and then two on either side; 
at 0.00075 n. KOH and at 0.00005 n. KOH there is in each case a 
low summit, at 0.00090 n. KOH and at 0.00005 n.H,SO, a high 
one. In the case of KCI (fig. 4) there are perhaps also five. A con- 
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sideration ‘of the eurve for KNO, seems to indicate at first only a 
single large maximum at about 0.00030 n. KOH, but when we fix 
our attention on the course of the lines joining the limiting concen- 
trations, we find that there are really five apices, namely at 
0.00010 n. HNO,, at 0.00010 n. KOH, at 0.00030 n. KOH, at 
0.00050n. KOH and at 0,00065 n. KOH. They are arranged very 
syinmetrically on either side of a middle axis. 

I have found nothing in colloidal chemical literature permitting 
of a direct comparison with our case. Perhaps the reason is that 
the behaviour of colloids towards salt solutions at various H'-ion 
concentrations has generally not been examined systematically, or 
where this was done, the quantities of acid and base added were 
much larger. 

Nevertheless the oceurrence of these summits is not in confliet 
with present views on the behaviour of amphoterie colloids. The 
proteins for instance might be able to combine with one or with 
more molecules of acid or base. Iu this way compounds might be 
formed which could behave very differently towards salts. No 
agreement has been reached about the conditions determining the 
existence of these various protein-acid and protein-base compounds. 
T. B. RoBertson '), however, considers that he has proved that their 
stability is exelusively determined by the H--ion concentration of the 
solution. If this view is correct, then the presence of the summits 
in our curves might perhaps be susceptible of explanation. 

The concentrations, in which the salts acted, were small. The 
highest amount was found for Ga(NO,),, i.e. 0.40 normal. Very small 
values were found for phosphate. For binary electrolytes the con- 
centrations were 0.10—0.20 normal. The greatest contrast was formed 
by plurivalent cations and plurivalent anions (caleium salt-phosphate). 

We can also deduce something from figures 1, 3, aud 4 about 
the different behaviour of univalent and plurivalent ions. The eurve 
for potassium sulphate (fig. 1) has a vertical direction between 
0.00015 n. H,SO, and 0.00100 n. KÖOH. Here we have a bivalent 
anion together with a univalent cation; the curves for KCI (fig. 4) 
and KNO, (fig. 3) run obliquely downwards to the left. Here there 
is a univalent cation with a univalent anion. Experiments which 
were made with Ca(NO,),, showed clearly that the eurve which 
might be plotted from it, would be still much more  oblique, but 
in the same direction as that for KÜl and KNO,. In’ this case a 
bivalent cation accompanies a univalent anion. If the direction is 


') T. B. Roperrson, Die Physikalische Chemie der Proteine. Dresden 1912. 
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related to the ionie valeney of the salt, then the order K,S0,— KEI 
and KNO,—Ca(NO,), which has been found, is explicable. 

It is further remarkable, that the eurve for K,SO, (fig. 1) reaches 
so far into the alkaline region, while the curve which might have 
been plotted for Ca(NO,),') would ehiefly come to lie in the acid 
region. - er 

The influence of-the small salt concentrations, as well as that of 
ionie valency point to a possible correspondence between the pro- 
vesses which oceur in the change of motility of Chlamydomonas 
and the process of the flocceulation of suspensoids. 

The influence of salts on the condition of emulsoids often suggests 
an arrangement of the ions in definite series. For the anions there 
is the series of HormEIsTER. In a process, oeeurring in accordance 
with these ionic series, the influence of the salts is said to be 
lyotropic. | 

It was therefore desirable to see, whether the influence of salts 
on the motility of Chlamydomonas is one according to the lyotropie 
series. This was only investigated for the anions. For algae from 
one and the same culture the following series was found: 


KI<KNO, < KCI< KBr, KCNS. 


This was by no means the order of anions, if the influence of 

the salts had been Iyotropic, for then it would have been 
KCI <KNO, <KBr <KI<KUCNS. 

We must not attach too much value to this result. The ionie 
series is reversed, when the medium becomes acid instead of alka- 
line, while in neutral solutions transitions between the alkaline and 
the acid series are found. 

The observations on Chlamydomonas were carried out at 0.00015 
n. KOH, where there was accordingly much chance of finding one 
of the transitional series. We were, however, obliged to work in 
very feebly alkaline solutions, because at a different degree of acidity 
we should be comparing for the various salts such concentrations 
as were not, according to the curves, really comparable. In that 
case we should have compared a maximum for one salt with a 
minimum for another salt. In reality a good comparison would only 
be obtained for concentrations of a specified maximum, e.g. the 


middle one, for each of the salts. 
In any case we can say with some probability that the action of 


ı) The concentrations -of the solutions change each time by 0.05 n.; for this 
reason the results were not sufficiently accurate for a curve to be traced. 
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the salts on Chlamydomonas might suggest a comparison with 
suspensoids rather than with emulsoids. 

In this respect also there is a correspondence between the phenomena 
studied in Chlamydomonas and the processes which occur in the 
colloidal globulins. These also were flocculated by small quantities 
of salts in Harpr’s experiments and the valency of the ions played 
an important part. 

The globulins may be reckoned among the emulsoids on account 
of. their behaviour towards base and acid, but the effect of salts 
leads to the conelusion, that they are emulsoids possessing certain 
suspensoid properties. 

We might conelude from our experiments, that the power of 
Chlamydomonas variabılis to react to gravity, (to light and to chemo- 
tactica) is influenced by electrolytes in such a manner, that there ıs 
much analogy to the action of electrolytes in the floceulation and 
solution of colloids. For this reason the hypothesis is possible, that 
in Chlamydomonas we are concerned with an action of the electro- 
lytes on the colloids of the protoplasm. These colloids would then 
behave in such a way towards acid, base and salt, that a comparison 
with the behaviour of globulins (as observed by Harpr) was the 
most plausible. The plasma colloids would be emulsoid substances 
with some suspensoid properties. 

Delft, November 1918. 

Laboratory of Technical Botany. 


Geology. — “On the Non-existence of Active Volcanves between 
Pantar and Dammer (East-Indian archipelago), in Connection 
with the Tectonic Movements in this Region”. By Prof. H. A. 
BrouwEr. (Öommunicated by Prof. G. A. F. MoLENGRAAFF). 


(Communicated in the meeting of January 27, 1917.) 


lt is a striking phenomenon that active volecanoes oceur in all 
the islands of the Sunda-range Sumatra-Java-Bali-Lombok-Sumbawa- 
Flores-Lomblen-Pantar and do not exist farther on to the east in 
Alor, Kambing, Wetter and Roma, but reappear still farther east- 
wards in the curving chain of volcanie islands Dammer-Teon-Nila- 
Serua-Manuk-Banda. 

According to VERBEEK ') the voleanoes of the Banda Sea form an 
ellipse separated from the voleanie Sunda islands by the “strip of 
older rocks”, drawn by him across Wetter. In a paper on the 
recent mountain-building movements in this region’) we have 
designated the arch of volcanie islands in the Banda Sea, for the 
most part situated below the sea surface of the sea, as a continua- 
tion of the range of the Sunda islands. On this basis the non- 
existence of volcanoes in a certain portion of tlis chain must be 
accounted for as a phenomenon resulting from causes of a more 
general nature. 

We enumerate, with reference to- the volcanic phenomena, the 
following characteristics of the two curving rows of islands in the 
eastern part of the Indian archipelago. 

a. The outer row (Timor-Tenimber-Ceram-Buru) is entirely devoid 
of volecanoes. These are to be found only in the inner row (Flores- 
Wetter-Dammer-Banda). 

b. Occasionally the active volcanoes are also missing in the inner 
row, just where the two rows approach each other most, i.e. to the 
North of Timor (see Fig. 1). 


ı) R. D. M. VERBEEK. Molukkenverslag Jb. v. het Mijnwezen 1908 Wet. Ged. 
Kaart NP. 1. 

2) H. A. BRouwER, Over de bergvormende bewegingen in het gebied der boog- 
vormige eilandenreeksen in het oostelijk deel van den O.-I. Archipel. Versl. ‚Kon. 
Ak. v. Wet., Amst., Nov. 1916. 


796 


I 


#*BatoeTara. 


Panter _ 


Lomblen 


efehitdpad E 


/ E2 
«kur ‘pe ra E. 


/ 
Yy Serovea: 
Ef 


f 
_wNila. 
-XTeo n. 
-# Dimmer 


9°. 
I Mer 


anic action in the South-eastern part of 


Crustal movements and volc 


Fig. 1. 
the East Indian Archipelago. 


——— — the: geanticlines. 


centra. of recent volcanic action. 


* 


197 


c. Where active volcanoes do not exist in the inner row, produets 
of extinet volcanoes cover a vast area. They also oceur in the 
outer row (North coast of Timor). 

The island of Lomblen still contains numerous, partly active 
volcanoes; in the eastern part of Pantar six independent vents of 
eruption are known, only one of which (the Gg Api) still displays 
the action of the solfatara-stage; the Delaki still exhibits a beautiful 
cone-shape, but at present is wooded to the very top. In the east 
of Alor there is an ancient volcano, the Peak of Alor ‘), 1655 m. 
high and to the south of it we find a second, lower peak ; both 
have a cone-like shape, but through long erosion they have lost the 
beautiful regular appearance of a cone. Still farther towards the east 
we distinguish the old volcano of Pulu Kambing, north of Timor 
Dilli, farther again in Lirang and Wetter diabases, gabbros and 
granites have been laid bare by erosion over vast areas. Roma again 
consists entirely of volcanie products, tuffs, breccias, conglomerates 
and solid lava in dykes and flows’), however without active vents, 
which do not reappear again before Dammer, farther eastward. 

It would seem then that, starting from Wetter, — where the two 
curving rows of islands are closest to each other — the volcanoes 
became extinet at a later period according as they were farther 
removed from Wetter. Lower down we shall discuss more fully Zhe 
relationship between the divergence of the rows of islands and a 
more prolonged volcanic action consequent on a progressing distance 
between the two rows. 

d. In those parts of the regions under consideration where no 
active voleanoes occur, elevated coralreefs have covered extensive 
areas. In Pantar coral limestone covers all the older voleanoes up 
to a certain height above the sealevel (in this island 400 m.); only 
the young volcanoes Delaki and Iljasi Awieng with the still active 
vent Gg Api are not covered with limestone at their bases.*) In 
Alor the elevated reefs seem to reach a height of 700 m. above the 
sealevel, they likewise overlie the products of the slightly coniform 
Peak of Alor. More towards the east in the volcanie island of 
‘Kambing (# 1000 m. high) the volcanie products are covered by 
terraces of coral limestone to a great height (+ 700 m.)*). Little is 
known as yet about the occurrence of elevated reefs in Wetter and 
Roma; in Wetter they oceur along the coasts up to 80 or 100 m. 


ı) R. D. M. VERBEEK, |. c. p. 375. 
2) Ibid, p. 435. 

2) Ih, p.. 15. 

4) Ib., p. 376. 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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above the level of the sea and in Roma they ') have reached con- 
siderable heights. However, as far as the islands west of Wetter 
are concerned, our assumption, that voleanie action lasted the longeı 
the more the islands were removed westwards from Wetter, is borne 
out by the oecurrence of elevated coral reefs. 

e. Whether there has been a shifting of the voleanie action in 
a direction perpendieular to the row of islands cannot be well 
made out. 

It might be supposed, that it has shifted inward, because to-day 
voleanoes oceur only in the inner row; but the present configura- 
tions of the landsurface wesulted from the recent cerustal-movements 
and the region north of the islands in fig. 1, is nowadays covered 
by the sea. The volcanie action may, in the tertiary period, have 
affected a broader tract, while at present it is confined to a narrower 
strip comprising the inner row of islands. 

Having recorded these characteristics, we will now discuss first 
of all the origin and the shape of the two curving rows of islands. 


Origin of the rows of islands. 


In an earlier paper we have demonstrated’) that the elevation of 
the islands, eneireled by deep ocean-basins, must be looked upon as 
a result of renewed mountain-building forees and that these move- 
ments, just as the tertiary, are apt to proceed towards the “Vorland’”. 
Their intensity has been variable, nor was it equal for various 
parts of one and the same row in a definite period, -so that some 
parts may rise higher than the other and locally also subsidence 
may oceur. We will confine ourselves to the region under consider- 
ation. In Timor a period of intensive erustal movements, persisting 
into the miocene, was succeeded by a prolonged denudation of the 
landmasses emerging from the sea. A large part of the island has 
afterwards been submerged again and a pliocene formation, whose 
oldest deposits consist of pure Globigerina-limestone devoid of terri- 
genous elements rests unconformably on the older formations, as 
has been discussed in detail by MoLENGRAAFF °) *). In plio-pleistocene 

1) Ib., p. 485. 

2) H. A. BROUWER, |. c. 

°) G. A. F. MoLENGRAAFF, Folded mountain chains, overthrust sheets and block- 


faulted mountains in the East-Indian archipelago. €. R. Xlith congr. geol. intern. 
Toronto 1913, p. 693 


“) Ibid. On recent crustal movements in the island of Timor and their bearing 


on the geological history of the East-Indian Archipelago, Proc. Kon. Ak. v. Wet. 
29 June 1902, 
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time a great part of Timor was still covered by a sea full of coral- 
islands and reefs, from which the higher mountains emerged as 
islands, similarly to what may still be observed farther eastward 
in the islands, east of Moa. Ever since a general elevation above 
the sealevel has been going on, which may still be proceeding. Signs 
of this uprise can be witnessed in all the islands of the region 
under consideration. 

The foregoing points to a decrease of tangential pressure after the 
miocene process of mountain building and to a renewed intensification 
of that process in the plio-pleistocene, which possibly still continues. 


Shape of the rows of islands. 

For a more comprehensive exposition we refer to the map, 
accompanying our paper on the orogenetical movements in the 
discussed region ') ’); from fig. 1 it is, however, sufficiently evident 
that the outer row, in the part Rotti—Timor—Babber, has its 
eoncave side turned to the Australian econtinent, whereas the inner 
row is convex on that side. Again, the outer row exhibits outward 
bends in the Tenimber-islands and the Kei-islands, just where 
depressions oceur in the “Vorland’” (Australian Continent with Sahnl 
bank and Arafura sea). The inner row does not bend in that way, 
the eurve progresses regularly. 

A comparison :of the two curving rows of islands of the HEast- 
Indian archipelago will show, therefore, that the outer row has better 
adapted itself to the shapes of the “ Vorland’” than the inmer one. 

In the paper alluded to above we have compared the outward 
bends of the outer row in the Kei- and Tenimber-islands with the 
movement of the Pennine overthrust sheets of the Alps into the 
lower parts of the hereynian mountains against wbich they were 
forced upwards. The strong erustal movements in the miocene period 
have been rather weak in the Kei-islands; the eocene is not intensely 
folded in Groot-Kei, the miocene is not folded at all’), while farther 
west the strata seem to be more strongly folded, as in a new island 
near Ut (Klein Kei-group) contorted, approximately vertical strata 
‚ probably of eocene-marl and limestone, were observed. This indicates 
that the prolongation of the intensely folded and overthrust mountain 
range of the Timor islands in the direction of Ceram, did not yet 
show the marked outward bend near the Kei islands, and was 


ı) H. A. BRoUwER, |. c. Fig. 1. 
2) H. A. BRouwsr. Ueber Gebirgsbildung und Vulkanismus in de Molukken. 
'Geol. Rundschau VII, 1917, p. 197. 
3) R. D. M. VERBEER, |. c. p. 501. 
52* 
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nearly parallel with the present inner row with the young active 
volcanoes. 

The characteristies of the rows of elevated islands and of the 
deep seabasins between them are indicative of a renewal of the 
mountain-building process which, in the miocene period has pushed 
ihe mesozoie and anterior tertiary sediments in the direction of the 
«Vorland.” They are not contrary to the assumption, that these 
movements take place again in the direction of the Vorland. When 
these movements persist, the rising of the islands will be attended 
with a removal in that direction, as e.g. was the case with the 
Kei Islands ever since the miocene movements. The sea-basins will 
then get narrower and the initial phase of the future overthrust 
sheetis manifests itself! on the surface as antielinal and synelinal 
undulations in the direetion of the Vorland. 


Relation of volcanism to crustal movements. 


The relation between eruptive activity and violent movement in 
the earth’s crust, with regard to time as well as place, is a matter 
of general knowledge; geologists only disagree as to the cause of 
either. Voleanie outbursts constitute only one type of eruptive pheno- 
mena that require penetration of the earth’s crust by the magma. 

In the case of folding movements the equilibrium will be restored 
by the coincidence of displacements in the cerust with the movements 
of the molten magma. 

With regard to the most recent erustal movements in the region 
under discussion, we assume that in the Moluccas they are connected 
with folding at a greater depth. If tangential pressure reveals itself 
in the formation of. normal folds, the molten magma will, under 
compression from all sides, sometimes force its way through the 
erust with unequal strain, first of all near the tops of the anticlines, 
where tension takes ‘place; active volcanoes may then appear on 
the top of the mountain chain (in our case the row of islands). 
The same holds good also for oblique folds, for the time the strata 
adhere to each other; it is evident, however, that for several reasons 
during the folding process the independent movement of the voleanie 
magma can be prevented, for example when fan-shaped folds are 
formed that blocked up a magma-reservoir. 

In case of disruption the relations are different: the tension in the 
anticlininal and synelinal tops disappears or decreases and the 
vents of the volcanic magma leading to the surface, maintained 
by the tension, can gradually be stopped up. 


sol 


Movements on a large scale will give rise to overthrust sheets, 
where one mass of rock has been pushed bodily over another; the 
earth’s erust in situ will increase in tbiekness, an additional reason 
for the stopping up of the volcanie vent. A new way is opened 
for the magma to reach the surface along the thrust-planes; most 
often the magma, if it_reaches the surface will appear on a lower 
level i.e. in the region here discussed below the surface of the sea 
along the outer margin of the row of islands and movements in the 
direction of the “Vorland” will cause the volcanie products to be 
gradually overlain by the moving masses. 

Disruption of the strata may occur abruptly without any folding. 
It goes without saying that in this case there is no question about 
an exit for the magma on the tops of the anticlines; the disturbance 
of the equilibrium caused by the movements in the earth’s erust are 
directly attended with an increase of thickness of the erust where 
Ihe cerustal movements take place. The above shows sufficiently that 
the magma can reach the surface while folding is in progress, but 
that the place where and the time when volcanie activity will 
appear, depend on the character of the erustal movements. 

The magma can find an egress also without the aid of cerustal 
movements. By assimilation of adjacent rocks or by magmatie stoping ') 
the magma can force its way upwards and extrude by de-roofing, 
as for instance DauyY”’) assumes for the rhyolite-plateau of the 
Yellowstone National Park, Ussına’) for the Greenland intrusions 
and myself‘) for the intrusion of the Pilandsberg in the Transvaal. 

This volcanie activity may manifest itself partieularly in the 
intermittent periods of rest of crustal movements. Secondly, the 
magma will only be able to penetrate through the erust in places 
where it is comparatively thin, because otherwise it will have cooled 
down too much and have lost much of its mobility. Consequently 
no effusion can be expected where the crustal movements have 
engendered a thiekening of tle eartlı’s erust; this will then more 
likely be possible along the margins of the anticlines, particularly 
along the inner ones. 


ı) R. A. Day, Igneous rocks and their origin, 1914, p. 194. 

2) Ibid, p. 122. 

s) N. V. Ussıng, Geology of the country around Julianehaab, Greenland, Medde 
lelser om Gronland. Vol. XXXVIlI and Mus. de Min. et de G£ol. de l’Universite 
de Copenhague. Comm. Geol. N®. 2. 1911. | 

4) H. A. BRouwer, On the origin of primary parallel structure in lujaurites. 
Proc. K. A. v. W., 8 Nov. 1912. 

Ibid. On the geology of the Alkalirocks ın Ihe Transvaal. Journ, of Geol. XXV, 


1917, p. 768. 
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When testing the above hypotlietical considerations to the recent 
erustal movements in the region discussed, it appears that during 
these movements in the outer row of islands the magma has not 
reached the surface on the top of the geantieline. It is possible, 
however, that also there tangential pressure has revealed itself — 
anyhow initially — by folding without any breaking of the strata. 
So far as the present geological data enable us to judge, the same 
applies to the island of Wetter, close to the outer row of islands. 

The voleanie rocks occurring along the inner margin of the row 
of islands i.a. in the north of Duteh-Timor and in Ambon'), are 
anterior to these crustal movements and perhaps were evolved by 
the anterior folding, which eulminated in the wiocene period. In the 
inner row of islands older but also young-volcanie rocks are found 
to a vast extent. 

Voleanie action continues into the present time, but seems to 
exlinguish gradually after having been intensified most likely with 
the renewal of the erustal movements. The volcanie activity was 
more prolonged consequent on a progressing distance from the outer 
row of islands, and from tbe “Vorland’”. h 

lt would seem legitimate to assume tnat the folding movements 
were of the character described first in those parts that were nearest 
to the “Vorland”, whereby the connection of the magma with the 
surface was broken. We refer to the above mentioned more complete 
adaptation of the outer row of islands to the configuration of the 
Vorland. The same will be the case in the islands east and west 
of Wetter, of the inner row, if the folding forces and the accom- 
panying ımovements persist in the direetion of the “Vorland”. We 
see in the inner row of islands of the South eastern Archipelago 
an instance of extinchon of voleanıc activity on the top of the ge- 
antieline during a renewal of the mountain building process. 


1) Ibid. Geol. verkenningen in de oostelijke Molukken. Feestbundel Prof. Dr. G. 
A. F. MOLENGRAAFF, Verh. Geol. Mijnb. Gen. 1916, p. 38. 


Geology. — “On the Age of the Igneous Rocks in the Moluccas”. 
By Prof. H. A. Brouwer. (Communicated by Prof. G. A. F. 
MOLENGRAAFF). 


(Communicated in the meeting of Jan. 27, 1917). 


In VeRBERER’S') latest geological memoir on the Moluccas, eruptive 

rocks have been classified as follows: 
1. old basic igneous rocks mostly of pre-permian age (azoic and 
palaeozoic). Some may possibly be mesozoic. Petrographically are 
distinguished peridotite, serpentine, gabbro, diabase porphyrite with 
their tuffs and breccias, diorite and diorite-porphyrite, the last two 
of minor significance, etc. 

2. granitic rocks probably all of pre-permian age. 

3. old-meso-volcanic igneous rocks. Older melaphyres, quartz- 
porphyries and quartz-porphyrites, probably also some diabases and 
diabase porphyrites. VERBEEK points out that no conclusive evidence 
has as yet been adduced to establish the age of the rocks classed 
among this group; he also surmises that part of them still belongs 
to the permian formation. 

d. young-meso-volcanic igneous rocks (cretaceous), andesites, dacites 
and acid melaphyres with bronzite. Perhaps they belong partly to 
the old-meso-volcanie igneous rocks, another part may be even of 
old-tertiary age. 

5. tertiary igneous rocks nowhere seem to go back to the eocene, 
because the nummulitic limestones are entirely devoid of debris of 
andesites, with which miocene sediments abound. 

a. leueite- and nepheline rocks (old miocene or younger) considered 
(0 be the oldest group on account of the structure of the volcano 
Luürus in Java with an older rim of leucite basalt and a younger 
cone of hornblende-andesite. 

d. old hornblende-andesites and biotite andesites witl their tuffs 
and breccias (miocene). They have an individual existence, rarely 
do they constitute the base or the oldest rim of the large volcanoes 
of which some are still active. The latter cannot be separated from 


ı) R. D. M. VerseeX. Molukken Verslag. Jaarb v. h. Mijnwezen 1908. Wetensch. 
Ged. p. 737 segg. (Rapport sur les Moluques). 
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the younger voleanic produets and therefore they have been united 
with them. 

c. old pyroxene-andesites and basalts with their breccias and tuffs 
(miocene). What has been said sub b also refers to tlıem. 

6. young voleanic products, chiefly of quaternary age, also pliocene 
and recent. They form the young voleanoes which have been formed 
from the young-tertiary through the quaternary period while some 
of them are still active. 

The above goes to show that of many igneous rocks, that have 
been elassed among a certain group, the age is difficult {0 establish. 
Recent investigations have yielded fresh data which prompted us to 
study again the age of the several igneous rocks. 

Ad. 

VERBERK suggests the possibility that some of these rocks are 
mesozoie, without being able to adduce any evidence for his hypo- 
thesis. According to him only some places show distinetly the presence 
of pre-permian rocks, for example the island of letti, where diabase- 
breccias are believed to be superposed with permian limestone with 
erinoids. Moreover the peridotite of Ambon, as is proved by the 
granite dykes, is older than the last-mentioned rocks, while the 
granites themselves are believed to be of permian age, as the sand- 
stone formation of Ambon, to which permian or anyhow young- 
palaeozoic age was assigned, consists of debris of granite. 

We must contend that: | 

a. the argument for a pre-permian age in the island of Letti falls 
through, as the permian limestones occur as blocks only, which may 
have been brought to this place by overthrusts'). 

b. It is not possible yet to determine the age of the sandstone 
formation of Ambon, by the fossils which have been found in the 
limestones that occeur in the formation ?). However, the facies is 
very much like that of the upper-triassie-roecks of Ceram °), in the 
neighbourhood of Ambon and we believe it to be of the same age. 
Proofs of the pre-permian age of granites and peridotites are neither 
afforded by sandstones built up of the debris of granites. Failing 
any evidence for a pre-permian age we must draw attention to the 


)G. A. F. MoLENnGRAAFF and H. A. BROUWER. De geologie van het eiland 
Letti. Ned. Timor Exped. I. Jaarboek v. h. Mijnwezen. 1914. Verh. Deel I. p. 28. 

?) K. Marrın in Tijdschr. Kon. Ned. Aardr. Gen. XVI. 1899. p- 656. 

G. BosHm. Ueber Brachiopoden aus einem älteren Kalkstein der Insel Ambon. 
Jaarb. v. h. Mijnwezen. 1905. Wet. Ged. p. 88. segg. 

%) H. A. BRouwer. Geol. Verkenningen in de oostelijke Molukken. Feestbundel . 
Prof. G. A. F. MOLENGRAAFF. Verh. Geol. Mijnb. Gen. Geol. Serie III. 1915. p: 36. 
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fact that in the islands of the archipelago outside the region of the 
Moluecas such rocks as the “old basie igneous rocks” are of frequent 
oeeurrence, for instance in Celebes, Borneo, and Sumatra. For many 
of them in Sumatra only a pre-oecene 'age has been established: in 
Borneo several must be .grouped as cretaceous, as has also been 
observed already by VxRBEEK. 

In the eastern peninsula of Celebes near the Moluccas Horz ) 
describes peridotites and volcanie breccias conformable between the 
lower neogene strata, and not far from it sheets of amphibole diorite 
have been observed by Wanner ?) between. the marls of the same 
age. In the environs of the Tukalıu mountains peridotites and volcanie 
breccias occur conformably in the partly tertiary, perhaps partly 
mesozoic “Buru-formation”, while, conversely, limestone with chert 
oceurs also in the basic eruptive rocks. 

Furthermore it may be added: 

a. that in Timor in the permian and triassie sediments basic 
intrusive- and effusive-rocks and their tuffs are of frequent oceurrence.?)*) 

b. that in the valley of the Nimassi (Central Timor) intrusive 
sheets of diabase oceur with distinet contact phenomena in upper- 
triassie limestone, as demonstrated by me during Prof. MoLENGRAAFF’S 
Timor Expedition. 

c. that along the coast of Dutch Timor basie and more acid 
eruptive rocks oceur frequently together with serpentine and serp- 
entine conglomerate, which may belong to the tertiary (or young 
- mesozoic) period as deemed plausible by me. elsewhere. °) 

d. that in the North-Western part of the island of. Great-Obi 
andesite which is quite similar to the young andesites of the archi- 
pelago is overlain conformably by serpentine. ') | 

e. that in the island of Letti are found partly intensely meta- 
morphosed basic effusive rocks of permian and probably also of 
later origin. ”) 


ı) W. Horz. Vorläufige Mitteilung über geologische Beobachtungen in Ost-Celebes. 
Zeitschr. der Deutsch. Geol. Ges. 1913. Monatsber. n®. 6. p. 329. 

2) J. Wanner. Beiträge zur Geologie des Ost-Arms der Insel Gelebes. Neues 
Jahrb. f. Min. etc. Beil. Bd. XXIX. 1910. p. 768. 

3) J. Wanner Geol. von West-Timor. Geol. Rundsch. 'IV. 1913. p. 145. 

4) G. A. F. MoOLENGRAAFF. Folded mountain chains, overthrust sheets and block 
faulted mountains in the East Indian Archipelago. Compte Rendu du XIIme Congr. 
Geol. Intern. Toronto. 1913. p. 689 seggq. 

5) H. A. BROUWER, |. c p. 38. 

6) Ibid. p. 45. 

7) G. A. F. MoLEnGRAAFF and H. A. BRouUwEr. De geologie van het eiland 
Letti. 1. c. p. 22 segqq. 
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From the foregoing we feel safe to conelude that among the so- 
called old basic eruptive rocks of the Moluccas there are rocks of 
young palaeozoic, mesozoic and probably of tertiary age, and that 
nothing can be said for certain about the occurrence of rocks older 
than permian. 


Ad. 2. 
It has been supposed that the granitie rocks of the Moluccas are 


of pre-permian age, because, anyhow in Ambon, a young palaeozoic 
sandstone-formation consists of debris of granite. As observed above, 
we could for this formation rather assume an upper triassice age and 
the sandstones may as well consist of the debris of erystalline schists, so 
that there is no proof for the supposed pre-permian age of granites 
in Ambon. 

Elsewhere we reported ') that in the islands of the archipelago 
outside the Moluecas the occeurrence of mesozoic granites has been 
proved or rendered highly plausible by the investigations of MoLEN- 
GRAAFF, SCRIVENOR (for Malacca), ToBLER, Vorz and the present writer. 
To this we can add for Celebes the investigations of van WATER- 
SCHOOT VAN DER GRACHT?) and ABENDANON’), which even lend support 
to the supposition that tertiary granitie to dioritie rocks oceur in 
this island. For the Moluccas we refer to the following facis: 

a. that granitic to dioritie and gabbro-like to peridotitie rocks 
sometimes occur in close alliance. Even where dykes of granite 
oceur in peridotites, the granitic rocks can in some places be little 
younger than the peridotites and may have originated by differenti- 
ation from the same mother magma. 

b. Investigations in the Sulu-islands by Wichmann‘) and myself®) 
point to the oceurrence of post-jurassie granitic rocks in connection 
with contact-phenomena which :have been observed in rocks of 
Jurassic appearance. 

Again the above warranis the conelusion that no positive evidence 
has as yet been brought forward supporting the occurrence of pre- 
permian granitic rocks, whereas it has positively been proved that 


1) H. A. Brouwer. On the post-carboniferous age of granites of the highlands 
of Padang. Proceed. Kon. Ak. v. Wet. Amst. XVIIL. 1915. p- 1513 segg. 

2) W. A. J M. van WATERSCHOOT VAN DER GRACHT. Voorloopige mededeeling 
in ‚zake de Geologie van Centr.-Celebes. Tijdschr. Kon. Ned. Aardr. Gen. XXXU. 
1915. p. 118 segq. en Jaarb. v. h. Mijnwezen. 1914. Vol. II. 

°) E. C. ABENDANON. Geologische en Geographische doorkruisingen van Midden- 
Celebes. Deel I. Leiden 1915. p. 58. 

4 A. WICHMANN. Over gesteenten van het eiland Taliaboe. Versi. Kon. Ak. v. 
Wet. Amst. Juni 1914. 

5) H. A. BRoUwER. Geologische Verkenningen enz., 1. c. p. 43. 
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younger, even tertiary granites are recognised in the Moluccas or in 
the neighbouring regions. 


Ad 3. 


Only few rocks are included by VERBERK among his group of 
old-meso-voleanic igneous rocks. He deems it possible that part of 
it still belongs to the permian formation, while he emphasizes the 
impossibility of settling the age-question. 

As regards the melaphyres of Timor, some of these rocks we 
consider to be of permian age, to which view also VERrBERHK inclines '), 
and which has also been established by our as yet unpublished 
investigations of the Timor-Expedition led by Prof. MoLEnGRAArr. 

These investigations also established the oceurrence ot similar old 

mesozoic rocks, while it is possible that a large part of the so-called 
“old-mesozoic eruptive rocks” is of much later young-mesozoic 
or tertiary age. To the latter belong for instance the melaphyres 
with hyaline crust, quartz-porphyries and dacites of Timor’s north 
coast; besides the latter rocks also serpentines, serpentine breceias, 
serpentine conglomerates and tuffs occur. 
In our judgment, therefore, not only among the so-called “old- 
basie-igneous rocks”, but also among the so-called «“old-meso-volcanic- 
igneous of the Moluccas rocks occur of young palaeozoic, mesozoic 
and probably also of tertiary age. 


Ad 4. 

Likewise the age of the young-meso-volcanie igneous rocks of 
cretaceous(?) age has, according to VERBELK, not yet been ascertained. 
Part of them he is inelined to include under his old-meso-volcanie 
igneous rocks, others may even be old-tertiary. This group comprises 
only andesites, dacites and acid melaphyres with bronzite of Ambon, 
further andesites and dacites of the neighbouring islands of Haruku, 
Saparua and Nusalaut and of Western-Ceram, and finally horn- 
blendepyroxeneandesites of Amblau and "pyroxeneandesites with 
vitreous erust of Wetter. Their being grouped together is due on 
the one hand to their fresh appearance, whereby they distinguish 
themselves from older rocks, while on the other hand they are 
different from the East-Indian tertiary igneous rocks. 

“In ‘another paper”) we häve described in detail that the points 
of distinetion from other tertiary igneous rocks are immaterial to the 
establishment of the age. So, for instance, the enclosures of garnet 


ı) R. D. M. VERBEER. |. c. p. 359. 
2) H. A.. BRouwer. Geologische Verkenningen. 1. c. p. 34 segq., 
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and cordierite, recognised in rocks of Ambon, originate from the 
substratum, while the considerable amount of bronzite typefies the 
ambonites, it is true, so that they are designated by a separate 
name, but this does not necessarily point to a difference in age. 

In diseussing the ‘“old-meso-volcanie igneous rocks’ we have 
already observed that a great number of the rocks of this group 
may very well be looked upon as a much younger, young-mesozolc Or 
tertiary formation. We alluded first of all to the melaphyres, some 
with a vitreous erust, of Ambon, Kelang, Wetter and Timor’s 
northeoast and the quartz-porphyries and dacites of the same coast. 
Whereas VrrBuek does not separate the melaphyres of Timor and 
asserts this to be a reason for surmising that melaphyres of various 
ages oceur in the eastern archipelago, and that, for example, in 
Ambon the melaphyres can be divided into two groups, I on the 
other hand feel inclined to class together the rocks of Ambon and 
to separate in Timor an older group (among which the permian 
melaphyres) from a younger (among which the rocks with the 
vitreous erust of the northcoast). 

The melaphyres with a vitreous cerust of Timor’s north coast, 
namely, are of a totally different character and appear under totally 
different conditions, from the permian melaphyre-like rocks of the 
island. The former are limited to the north coast and united as one 
whole with other basic and also with more acid rocks (quartz- 
porphyries, dacites) presenting a great similarity to the known Ambon 
rocks. A typical feature for instance is the occurrence of melaphyres 
with vitreous crust, common to the rocks ofeither island. The glassy 
Java melaphyre, which VerBrek invariably called eretaceous!), but 
now considers to be older with reference to the data from Timor, 
can, on this basis, be comprised again among the cretaceous system, 
and the rocks of Timor’s north coast, Wetter, Ambon and South- 
West-Ceram can for the present be all assigned to the tertiary or 
young-mesozoic rocks. To this it may be added that Marrın ?) adopts 
a probable tertiary age for the rocks in Ambon. 

When summarising the above we arrive at the following con- 
elusions: 


)R. D. M. VERBEEK and R. FEnwemA. Geologische Beschrijving van Java en 
Madoera, Amsterdam 1896. 

-?) K. Martin. Einige Worte über den Wawani, sowie über Spaltenbildungen 
und Strandverschiebungen in den Molukken. Tijdschr. Kon. Ned. Aardr. Gen. XVi. 
1899. p. 709 segg. 

Ibid. Reisen in den Molukken. Geol. Teil. Leiden. 1903. Nachträge. 
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a. the "available data do not justify us in separating a group of 
older melaphyres from the so-called ambonites: 

b. there is no reason for elassing a5 a separate group the ambonites 
which present some typical characteristics, as regards their age. 

c. together with the rocks with a vitreous erust of Timor and 
the accompanying rocks they should be ineluded under one group 
of the same probably tertiary or young-mesozoic age, assıımed by 
VERBEEK ') for some of these rocks. 

We conelude, then, that the so-called “young-meso-volcanie igneous 
rocks” are also considered by us to be of tertiary or young-mesozoic 
age, but most Jikely the number of rocks to be brought together 
under this group may be much larger. 

It may also be stated that andesitie to basaltice and augitie rocks 
of islands of the Misool-archipelago are held by Wanner?) to belong 
to the cretaceous system. 


Ad >. 

It has been suggested of the tertiary igneous rocks that their age 
in the Moluccas and in Celebes nowhere goes back to the eocene, 
since the nummulitie limestones are entirely devoid of debris of 
andesites, which on the contrary oceurs abundantly in the miocene 
rocks. 

In the following pages we will comprise the Southern part of 
Central Celebes, because recent investigations have furnished us with 
important data concerning the age of tertiary igneous rocks. 

That the leucite- and nepheline rocks are not the oldest tertiary 
igneous rocks, as VERBERK’) presumed, because the volcano Lurus 
in Besuki (Java) consists of an older rim of leueite-basalt with a 
younger cone of hornblende-andesite, appears from the following 
considerations: 

a. Close to the east of the Gg Lurus, leucite-free rocks are found ‘) 
side by side with leucite-bearing rocks in the old craterwall of 
the Gg Ringgit composed of leucite rocks. These leucite-free rocks 
(olivine- and basalts rich in iron ore, olivine-poor basalts or olivine- 
bearing augite-andesites and amphibole-augite-andesites) must there- 
fore be older than a great part of the leueite rocks. 


ı) R. D. M. VeRBEEK. Molukken Verslag. 1. c. p. 360. 

2) J. Wanner. Beitr. zur Geol. Kenntniss der Insel Misol. Tijdschr. Kon. Ned. 
Aardr. Gen. XXVIl. 1910. p 194. 

3) R. D. M. VeRBEEK. Molukken Verslag. 1. c. p. 757. 
- 4) H. A. BrouwEr. Ueber leucitreiche bis leucitfreie Gesteine vom Gg. Beser 
(Ost Java) Central Blatt f. Min. etc. 1914. p. 1. 
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b. In the thick tuff-formation along the Saädangriver (South part 
of Central Celebes) may be distinguished according to ABENDANON ar 

trachyte- and andesite-tuffs, 

basalt- and leueitetephrite tuffs, lencite-basalt, leucitite and leucite- 

tephrite breecias, 

trachyte-, andesite-, and liparitetuffs. 

ABENDANON®) takes this tuff formation to be of old-eocene age i.e. 
younger than the old-eocene sandstone- and shale series of Pasar 
Kira and older than the lutetien-limestone. It is not certain though, 
whether ıhis formation, as a whole, is posterior to the sandstone- 
and shale-series; maybe there are also pre-tertiary rocks among 
them. VAN WATERSCHOOT VAN DER GRACHT?) reports that the eruptions 
in the West seem to have been anterior to those in the East and 
that the age of the volcanic series varies from the lower, anyhow 
the middle eocene to probably the miocene. The lowermost banks 
are still eocene as proved by nummulites oceurring by the side of 
globigerines in the matrix and inelusions. 

In the distriet east of the Latimodjong mountain range, where 
numerous varieties of andesites and mostly silieified andesitie tuffs 
occur, the oldest eruptions are deemed to be pre-tertiary, while the 
youngest seem to have stopped before the neogene. Beside eruptions 
of andesite others of liparite, trachyte, and dacite also occur ‘). 

‘As to the age of the igneous rocks of South Celebes opinions 
differed very much up to very recently. Von StkiGer‘) gave us a 
general view of the various opinions, to which we shall refer the 
reader. 

That also here in the eocene, and perhaps prior to it, eruptions 
took place, is'borne out by the occurrence of a silieified plagioclase- 
orthoelase tuff at the bottom of the limestone formation of the coal- 
field Tondong Kuran°) and by the andesite tuffs below the limestone 
near Kantisang, as described by Bückına ’). The majority of the 


) E. GC. Asenpanon. Öelebes in of uit de Teihys? Tijdschr. Kon. Ned. Aardr. 
Gen. 1915. p. 358 segq. 


2) Ib. Geologische en Geographische enz. |. c. p. 222. 

9) W. A. J.M. van W. v.D. GR.l. c. 

4) E. GC. ABENDANON. Geologische etc. 1. c. p. 59, 60. 

) H. von StEieer. Petrographische beschrijving van eenige gesteenten uit de 


onderafdeeling Pangkadjene en het landschap Tanette van het gouvernement Gelebes 
en onderhoorigheden. Jaarb. v. h. Mijnw. 1913. pag. 171 segg. 


6) Id. p. 217, 


?) H.-Bückıng. Beiträge zur Geologie von Celebes. Samml. des Geol. Reichsmus, 
in Leiden VII. Heft 1. pag 124. 
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eruptions, however, is younger, according to a record of ’T Hoxn, 
who examined the coalfields of South Celebes. According to him, 
probably a short time beföre the deposition of the tertiary limestones 
had completely terminated, eruptions began all along the western 
side of South Celebes, which gave rise to the high western moun- 
tains; for the greater part they consist of tuffs, breceias and volcanie 
conglomerates of andesites, basalts and also of leucite-rocks. The 
fragment of leueitite, mentioned by voN STEIGER'), as originating 
from a tuff between the coal-layers I and II of Bonto, appears on 
closer examination to belong to a weathered eruptive rock, as estab- 
lished by the engineer ’T Horn. Considering that several weathered 
intrusive rocks occur in the neighbourhood, it is rendered highly 
plausible that the rock, from which the fragment of leueitite origi- 
nates is also of an intrusive character; similarly the biotite leueite 
basalt found by Bückıne ?) near Kantisang overlain by old-tertiary 
limestone may also be an intrusive sheet. If so it would disprove 
the hypothesis of an eocene age of leucite rocks in South-Oelebes. 

Prof. Inpınss, who travelled over this distriet in 1913, reports 
that numerous intrusive rocks oceur, as dykes, intrusive sheets and 
perhaps as laccolites and as batholites, in the above-mentioned volcanie 
series and also in the tertiary sandstones with coal-measures and 
'limestones. He mentions among others coarse grained shonkinites and 
essexites. These, then, are still younger than the volcanie series, 
which for the greater part is believed to be younger than the lime- 
stones. As known, the limestones of this distriet are assigned partly 
to the eocene and partly to the miocene period ®). 

In addition we refer to Horz *) who assumes lertiary (to miocene) 
age for most of the basie eruptive rocks in the eastern peninsula of 
Celebes. 

Available data, in some degree contradictory, seem to point out 
that the violent eruptions in South-Öentral-Celebes may have begun 
prior to the outbursts in South-Celebes; however, they may have 
been contemporaneous for a considerable time, especially if the 
voleanie formation in the former region goes back into the miocene, 
as is deemed probable by VANWATERSCHOOT VAN DER GrAcHT. Anyhow 
a considerable number of the tertiary igneous rocks in Celebes must 
be of eocene age. 


1) H. von STEIGER. |. c. p. 124. 

2) H. Bückıne. 1. c. p. 000. 

3) R. D. M. VerBEeK. Molukken Verslag 1 c. p. 55 segg. 

4) W. Horz. Vorläufige Mitteilung über geologische Beobachtungen in Üelebes. 
Zeitschr. d. deutsch. geol. Ges. Monatsb. 1913. Bd. 65. p. 333. 
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In this conneetion it must be kept in view that Marrın ') adopts 
eocene age for a portion of the andesite brecceias and the andesite 
tuffs in Java (etage m, of VERBEER) and it is not out of the bounds 
of probability that similar rocks more to the east in the Sunda 
row of islands and elsewhere are likewise of old-tertiary age. 

We have already pointed to the occurrence of numerous tertiary 
igneonsg rocks also in the eastern part of the Archipelago, when 
diseussing the previous groups. When we dwelt on the rocks of 
Timor’s north coast we abstained from mentioning that WANNER ?) 
inelines to adopt a young-miocene age for the augite- and hyper- 
sthene-andesites and the andesite-tuffs in West-Timor between the 
rivers N. Bonat and Kapsali. | 

According to ViRrBERK the tertiary igneous rocks are independent 
mountain ridges or cone-shaped hills; the bases of the old, 
erater-rims of the large, in part still active volcanoes, often made 
up of pyroxene-andesite and basalt, are probably somewhat younger 
(pliocene); they cannot, however, be separated from the younger 
voleanie products and will, therefore be treated together with the 
young volcanic products. | 


Ad 6. 

The young-voleanie products (pyroxene-andesites to basalts) build 
‚up the volcanie massifs, which are often more or less coniform in 
consequence of the materials being ejected on all sides round the 
vent of eruption. They were built up from the young-tertiary period 
through the quaternary into the present time. 


From the above considerations, to which others could be added, 
it is sufficiently evident that the results of vecent investigations 
necessitate a revisal of VnkBerk’s Memoir published in 1908, as the 
writer himself has antieipated repeatediy. Whereas he confines almost 
exclusively the intrusive rocks to his two oldest groups, it has been 
proved conelusively that basic and acid intrusive rocks oceur in 
totally different geological series, while volcanie, eruptions took place 
down from the young-palaeozoic, through the mesozoice and the 
tertiary up to the present period. They were extremely violent in 
the first and partly also in the second period, but seem to have 
been restrieted chiefly to the region now occupied by Timor and 


I) K. Marrın. Vorläufiger Bericht über geologische Forschungen auf Java II. 
Samml. des geol. Reichsmus. in Leiden. Bd. IX. p. 194. 


?) J. WANNER. Geologie von West-Timor. Geol. Rundsch. Bd. IV. 1913. p- 146. 
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the adjacent islands. Very likely in young-mesozoic time a new period 
began of markedly violent igneous activity, which eulminated in 
the tertiary and persists even in our days. Traces of this new period 
are scattered over a considerable part of the eastern archipelago. 

When subdividing tlıe eruptive rocks of the Moluccas according 
to their relative age inte- the following groups: 

a young-palaeozoic:-to old-mesozoie igneous rocks 

.b young-mesozoie to tertiary igneous rocks 

ce young-volcanie products, 
we are in a position to distribute a large number of the known 
eruptive rocks with complete certainty among one of these groups; _ 
for many rocks the subdivision might be carried down still farther. 
In every group the rocks might be subdivided again according to 
their petrographic characteristics. Some rocks, however, there are 
tkat may be older than young palaeozoic, while a large number are 
stil known as boulders. Too little is known of them to establish 
their ages. In this connection we can subdivide the eruptive rocks 
first of all according to their petrographie characteristics. However, 
here again we meet with the diffieulty that of a great many rocks 
no or, at all events, no detailed descriptions are at our disposal, so 
that we are not competent to judge of their structure and their 
mineralogical properties; moreover we. are entirely or partially 
ignorant of the geological oceurrence of many of them. For a clas- 
sitieation from a chemical point of view we are absolutely destitute 
of sufficient information. 

We distinguish the subjoined groups: 


a. granitic to dioritie rocks 

b. gabbro-like to peridotitie rocks (with 
part of the serpentines and diabases) 

c. foyaitie to theralitic rocks To each group should 

d. rhyolites and quartz-porphyries, tra-| be added that part of the 
chytes and porphyries without quartz, graniteporphyrie and fine- 
 andesites and porphyrites with kerato-|grained equivalents and of 
phyres, alkalirhyolites, alkalitrachytes, ({he aplitie, lamprophyrie 


trachyandesites and pegmatitic rocks, which 
e. basalts, melaphyres, pikrites ete. (with | corresponds most with it 
part of the serpentines and diabases). on the ground of the avail- 


f phonolites, leueite- and nepheline- | able data. 
rocks, trachydolorites, tephrites and ba- 
sanites, imelilitebasalts, limburgites and 
 augitites. ) 
53 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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For every separate group we will communicate what is known 
eoncerning the geological age: | 

Group a. The composition of the sandstone formation of Ambon 
composed of debris of granite, may indicate, but does not prove the 
oceurrence of granites, which are older than upper triassic. Besides 
these we recognize numerous younger, post-jurassic and tertiary gra- 
nitie and dioritie rocks in the Moluccas, in Celebes and also in the 
other islands of the archipelago. 

Group b. Of this group rocks of young-palaeozoic, mesozoic, and 
tertiary age are known. 

Group c. These rocks are known trom Timor')?), but no reliable 
evidence of their age has been brought forward. In South Celebes 
there are shonkinites and essexites intrusive in the tertiary volcanie 
series of this region, from which a tertiary age can be deduced for 
these rocks. 

Group d. Many of the rocks belonging to this group in the 
Moluccas and in Celebes are of tertiary age, may perhaps go back 
{io a mesozoie age, while the basic representatives of this group 
among the basic eruptive rocks are numerous in the permian and 
old-mesozoic sediment series of Timor and adjacent islands. Among 
the younger volcanic rocks there are many andesites (in Celebes 
also acid effusiva). They are often hard to-distinguish from the basalts, 
the two species of rocks being united by numerous transitions. 

Group e. Are numerous in the permian and old mesozoic sediment 
series of Timor and adjacent islands; a great part belongs to the 
tertiary eruptive rocks mentioned sub d, a considerable portion of 
which may perhaps be traced back to the mesozoic. Basalts also 
are very numerous among the young-volcanie products. 

Group f: We know leueite-bearing rocks of Sumbawa. They 
seem to be of young-tertiary age’), while even leucite-basanite has 
been recorded as a lavaflow on the Southern slope of the Tambora „ 
In Celebes leucite- and nepheline-bearing rocks are abundant. We 
have already observed that in South Celebes and in Southern Central 


) A. WıcHMmann. Gesteine von Timor. Samml. Geol. Reichsmus. in Leiden. 
Serie I. 2. p. 85. 


?)H. A. Brouwer. Neue Funde von Gesteinen der Alkalireihe auf Timor. 
Central Bl. für Min. etc. 1913. p. 570 segg. 

®) J. ELBeRT. Die Sunda Expedition. Bd. II. Frankfurt a. M. 1919. 

Cf. also G. Rack. Petrographische Untersuchungen an Ergussgesteinen von 
Sumbawa und Flores. Neues Jahrb. für Min. ete. Beil. Band 34. 1919. p- 42 seggq. 

*) J. J. PANNEKOEK VAN RHEDEN. Voorloopige mededeelingen over de geologie 
van Soembawa. Jaarb. v. h. Mijnw. 1913. p. 20. | 
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Celebes they are of tertiary, in part of young tertiary age. Accord- 
ing to WANnNER') an augitite-like rock in the island of Bamdie of 
the Misool archipelago, seems to be of cretaceous age. 

In Timor and Rotti camptonitic rocks oceur, which probably are 
of permian age’). 

ı) J. Wanner. Beiträge ete. loc. cit. p. 494. 
3) H. A. BrRouwer. Neue Funde. loc. cit. p. 576. 


Ib. Voorloopig Overzicht der geologie van het eiland Rotti. Tijdschr. Kon. Ned. 
Aardr. Gen. XXXI. 1914. p. 618. 
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.Geology. — “On Reefcaps”. By Prof. H. A. Brovwen. (Commu- 
nicated by Prof. G. A. F. MoLENGRAAFF). 


(Communicated in the meeting of November 30, 1918). 


Proof of an uplift of the land relatively to the level of the sea 
can, in tropical regions, often be supplied by the presence of up- 
heaved fringing reefs. Thus it will be seen that in the eastern part 
of the Indian Archipelago, where an elevation of the row of islands 
has taken place on a large scale ever since the plio-pleistocene 
period, upheaved fringing reefs, often forming continuous reefcaps 
oceur in most of the islands, sometimes to a height of about 1300 m. 

The character of the latest movements in the curving row of 
islands of the south-eastern archipelago, which resulted in!) the 
formation of these islands, has been discussed in an earlier paper ?). 

The latest mountain building is considered to be a revival of the 
intensive young-tertiary movements, the typical features of the islands 
indieating that, just as in the case of the tertiary, also with the 
youngest mountain building the movements are in the direction of the 
“Vorland’” whereas near the surface mostly faulting is observed. The up- 
heaval of the islands has not been simultaneous, nor equally intense 
in all places, while. periods of temporary subsidence have probably 
interrupted the general elevation since the plio-pleistocene period. 
In this paper we shall try to ascertain whether there is any relation 
between the widely varying characters of the reefeaps we observed, 
and the character of the crustal movements. In this endeavour the 
aspect of the movement of the geanticlines during long periods will 
be brought to the front more than has been done heretofore. 


The reefs at the time of their growth. 


The growth of fringing reefs along parts of the coastline may 
be prevented by various causes, e.g. the lack of a solid substratum, 


2 G, A-T% MOLENGRAAFF. On recent crustal movements in the island of Timor 
and their bearing on the geological history of the East-Indian Archipelago. Proc. 
Kon. Ak. v. Wet. June 29, 1912. 

”) H. A. BROUWER. Over de bergvormende bewegingen in het gebied der boog- 
vormige eilandenreeksen van het oostelijk gedeelte van den O. I. Archipel. Versl. 
Kon. Ak. v. Wet. XXV, p. 768. 
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 impurity of the water, and volcanie eruptions. If, however, reefs do 
develop, the shape of the living reefs depends largely on the stage 
of development of the erustal movements at that moment. In our 
discussion we assume a stable sealevel, because our eonelusions will 
also hold for a moving sealevel. If the coastline remains stable for 
a considerable time or undergoes only slightly horizontal displacements, 
horizontal and thick reefs ınay possibly be formed; slightly vertical 
movements will perhaps increase especially the thickness of the reef, 
if the movement is a positive one, while negative movements will 
soon cause the reef to rise above the sea, even though its thiekness 
and exient be only slight yet. 

All these phenomena may appear simultaneously at points of the 
geantieline remote from each other, so that already while the material 
is forming which is to help in the composition of the reefcaps, 
considerable difference in the shape may occeur. 


The development of reefcaps. 


After the reef has risen above the sea, the morphological changes, 
which were the combined result of the character of the cerustal 
movements and the growth of the corals, are at anend. During the 
continued movements the reefs move along curves, whose shapes 
vary and are determined by the character of the erustal movements. 
These movements may again be alternately vertical or horizontal 
and downward, each type manifesting itself during a longer or 
shorter period. The shape of the curves is determined by the evo- 
lution of. the geanticline on which the reefs were formed. The 
reefcap observed by us is the final product of these continual and 
varying movements. The reefs formed at a certain epoch on the 
surface of the sea, which, initially, were all Iying in the same 
horizontal level, are, in a later stage of development, located in a 
plane of irregular shape. The oldest parts of the reefcap have 
undergone this change longer than the other portions. 

Besides by the character of the erustal movements the form of 
these reefcaps is to a great extent also determined by erosion. 


Influence of erosion. 


In rising areas subject to strong erosion, it is no matter of sur- 
prise to find that of the portion of a reefcap that has for a long 
time been elevated above the sea-level, only some remainders are 
left, whereas the younger portions still present an unbroken cap. 
This will sometimes happen, but it is not the rule. There are namely 
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other faetors besides time, which govern the influence of erosion 
on. the reefcap, e.g. the nature of the substratum on which the 
reefs have been deposited and the power of resistance of the 
reefs themselves. If the substratum consists of soft rocks, which 
bring about landslips, while deep valleys are cut in the formations, 
as is the case with a great part of the mesozoic deposits in a number 
of islands of the eastern Indian archipelago, the uplifted reef over- 
lying it will soon erumble away. | 

If the reef is merely a thin crust covering the underground, it 
will disappear the sooner; thick reefs will resist erosion for a con- 
siderable time, and will occasionally act as a protective cover over 
a soft underground. 

As already observed, thick reefs will form in places, where the 
coastline maintains itself for a considerable time, or has undergone 
only more or less horizontal or downward movements. As such they 
will afterwards constitute parts of the reefcap, wlereas in those 
places where the coastline has long been exposed to strong negative 
movements only a (hin reef can be evolved, which later on will 
ocenr as a thin part in the reefeap. This part is liable to disappear 
through erosion. For it is just with these strong negative movements 
that erosion often acis very forcibly, so that both factors co-operate 
to remove the effects of these movements from the reefcap.- With 
short negative movements this will be manifested only in a terraced 
structure. 

It will, therefore, frequently be seen that, at great heights above 
the sea-level, the reefcap is fully developed, whereas lower down 
towards the coasts it has totally disappeared or has been preserved 
only in detached fragments, while on the coasts themselves living 
corals are thriving well. Here we are reminded of our investigations 
in various localities along the north coast of the island of Rotti, 
along the coasts of Sermata, Great-Obi, Ceram and Timor, where 
the lower elevated reefs (if still any have been left) are for the 
greater part removed by erosion, e.g. if they have been preserved 
only on the ridges between the valleys, draining towards the coast. 
Along the North coast of Timor the thick reef of the Talau basin 
abruptly terminates near Balibo at a height of + 610 m.!), between 
Balibo and the actual coast no trace of elevated coräl reefs is found, 
whereas at the coast living corals are abundant. Here the reef may 
have been removed by erosion, in which process the above-mentioned 
conditions of a rapid erosion must have been present, while the 


!) G. A. F. MoLengRaArrF, loc. cit., p. 128. 
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more elevated thick reef has been preserved, though it had been 
longer exposed to the eroding forces. If at a higher level a reef- 
cap is lacking, it is impossible to deteet whether also here erosion 
has been at play, or whether this area has been uplifted from the 
sea ever since the beginning of the erustal movements. 

It follows, then, that the influence of erosion upon the form of 
the reefeap can be estimated only for the tract beneath the highest 
reefs, which have been left intact by erosion. 


Influence of faults. 


The influence of faults on the form of reefcaps is, on the whole, 
eonfined to the dislocation of connected parts, which are brought in 
various positions at different levels. Faults having played a promi- 
nent part in the youngest crustal movements in the eastern archipel- 
ago, the form of the reefcaps may be supposed to have been 
largely affected by them. VERBEEK') e.g. assumes a fault across the 
peninsula of Huamual in Southwest Ceram, where the terraces of 
coral limestone appear south of Luhu to the height of 350 m. above 
sea level, while the lime more to the north scarcely reaches 100 m. 
In the continuation of this fault we find Hatusua (the eastern side 
Piru-bay), Paulohi and Tehoro (on Taluti-bay), which were afflicted 
more violently than other places by the earth- and seaquake of 30 
September 1899, and also the steep south-eastern coast of Buru. 

When faulting takes place in the neighbourhood of the coasts, 
downward as well as upward movements may be observed at short 
intervals and the growth of the living corals may exert its influence 
upon the shape of the forming reefcaps longer than usual. 


The inclination of the geanticlinal awes. 


In diseussing the growth of the reefcaps it has been stated that 
every point of a forming reef will move along curves of various 
shapes. The horizontal component of the rate of movement, al a 
given moment is the resultant of two direcetions which ‚are at right 
angles to each other, one of which coineides with the geanticlinal axis. 

The vertical component determines the rising of the row of islands. 
The difference in the rate and the direction of the movements at 
different points gives rise to tlie morphological changes of the sur- 
face of the geanticlines of which we shall first consider those along 
the geanticlinal axis. 


)R.D.M. Verseer. Molukken Verslag. Jaarb. v. h. Mijnwezen. Wet. Ged. 1908, 
blz. 550. FrencH: Rapport sur les Moluques. 
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In virtue of the changes which this axis undergoes in a certain 
space of time, the inelination may increase in some places, deerease 
in others. If we suppose the top of the geantieline to remain in 
the same place, the different points of the axis will, at an increase 
of inelination, perform movements On either side, which are horizontal 
towards the top and vertical in a downward direction. Also with a 
slight rise of the top, downward as well as horizontal movements 
may oceur at a lower level along the axis. In this case it will, at 
a certain stage of the evolution of the geanticlinal axis, depend on 
the height of the sealevel, whether a reef formed at this time will 
be moved.up or down. The displacement of the reef will invariably 
be also in a horizontal direction, fault-movements are left out of 
consideration here. Conversely the transverse coasts may rise, while 
the top of the geantieline is descending at a certain height of the 
sealevel. 

Generally the top will not remain in the same place, but will be 
moved both in horizontal and in vertical direction; moreover the 
inclination on either side of the top will not decrease or increase 
in. the same way. It does not follow that during these irregular 
movements the transverse coasts will exhibit a similar behaviour, 
and generally speaking it may be said that, if the distance from 
the top of the geantielinal axis to the coastline, i.e. in the case of 
the larger islands, be sufficiently great, the vertical component of 
the direction of the movement at the tops need not be similarly 
directed to that at the points of intersections Of the geanticlinal axis 
and the sealevel. This vertical component varies at various points 
along the axis. 

The inclined geanticlinal axes in the present-day stage of mountain 
building e.g. are easily distinguishable in the islands of the Timor 
group separated by straits, and from the above it may be inferred 
first of all that the rate of movement latterly observed on the trans- 
verse coasts of the larger islands, is not necessarily equal to the 
rate of. movement of the tops, nor need it be of the same direction. 
‚This also :holds for the earlier stages of the mountain building 
process. Secondly it appears, therefore, that the height to which a ° 
reef has been upheaved, by no means depends only: on the time 
elapsed since its formation, but on the evolution of the geanticlinal 
axis so that veefs of the same age may be elevated to different 
heights‘) and the highest reefs may sometimes not be the oldest. 


!) As e.g. in Timor. Cf. G. A. F. MoLengraarF, |. c., p- 132 and J. 


WANNER 
Geologie van West-Timor. Geol. Rundschau IV, 1913, p. 139, 
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Asymmetrical Reefcaps. 


An asymmetrical development of the geantielinal axis on either 
side of the highest points yields asymmetrical . reefcaps. This 
asymmetry is brought about by the variable degree and direction 
of the horizontal component of the rate of movement. 

We purpose to consider this development more particularly in a 
plane at a right angle with the geanticlinal axis, an instance of 
whieh is found in the island of Rotti and the island of Jamdena 
of the Tenimbergroup. Here the reefcaps rise from the northwestern 
coast gradually up to the main watersheds of the islands, thence 
descending rapidly towards the south-eastern coasts. Parts of the 
reefcaps have disappeared through erosion. 

The relationship of. these asymmetrical reefcaps, to certain erustal 
movements may be seen from the coincidence of the asymmetrical 
structure with marked outward bends of the row of islands, to 
which the named islands belong '). 

The island of Jamdena lies nearly opposite to a depression in the 
 Sahul-bank and Arafura sea; here the geanticlinal axis met with 
less resistance and consequently could be moved more easily than 
elsewhere in the direction ofthe‘“Vorland’”’. The horizontal component of 
. the rate of movement at a right angle with the geanticlinal axis may 
be considerably larger than the vertical; in connection with this 
the uprise above the sea will be less, while the unequal size of the 
horizontal components for various points may increase the asym- 
metrical forms during the development or decrease them locally. 
Furthermore it follows that what has been said about the develop- 
ment of the geanticlinal axes for the transverse coast is also appli- 
cable to the movements along the longitudinal coasts and also to 
the relative age of reefs, raised to different heights. The asymmetrical 
reefcaps to whose development the horizontal movements have 
been highly instrumental, will rise less high above the sea than the 
symmetrical, supposing the mountain building forces to be equal. 
In this connection we may compare the reefs ofthe island of Timor, 


Fig. 1. 


D) H. A. Brouwer, |. c., p. 770—772. 
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upheaved to about 1300 m., with those of the islands of Rotti and 
Jamdena elevated respectively to + 470 and + 150 m, which may 
be of the same geological age. 

Downward moving longitudinal coasts sometimes occur with rising 
islands. Let us take e.g. one of the possible cases in the develop- 
ment of an asymmetrical reefcap, as is shown in Fig. 1. The 
points /, 4 and Q will, in a later stage of development have 
reached P,,4A, and Q,. The sealevel is indicated by the line NZ. 
The portion AB of the geanticline rose above.the sea in the initial 
stage as an island, and may possibly have been covered by & 
continuous reefcap. 

During the development into the second stage, diseussed by us, 

the island will increase in eircumference and rise higher above the 
sea. On the north coast, however, downward movements are observed, 
while the South coast is moving upwards. 
‚ What was originally tbe oldest reefecap, AB, will have been 
transformed and partly disappeared under the sea, while the highest 
reefs in the second stage are by no means the oldest, so that older 
reefs will occur on a luwer level than the younger ones. | 

In connection with the above-mentioned downward movement 
along the gently sloping part of the asymıetrical geanticline, we 
refer to the drowned river valleys, observed by us far inland along 
the northwest coast of the island of Jamdena of the Tenimber 
group. The downward slope can be only apparent also here, rel- 
ative to a postglacial rise of the sealevel ') °). 

In contradistinetion to Timor, Rotti and Jamdena are now also in 
their central parts covered for the most part with a continuous 
reefcap. We attribute this to the influence of erosion in connection 
with the predominating horizontal movements at right angles with 
the geanticlinal axis. Along the longitudinal coasts of the last-men- 
tioned islands ‚these movements caused more resistant reefcaps to 
be formed, which moreover were not upraised so high, so that for 
two reasons the reefcap was .attacked less while it disappeared 
completely (or for the greater part) along the rapidiy raised longi- 
tudinal coasts of central Timor also for two reasons. 

of the aspect of asymmetrical reefshields it is often said that one 
coast is lifted raote than the one opposite. This assertion, however, 
does not assign significance enough to the horizontal component of 


') R. A. Darr. The glacial-contral theory of coral reefs. Pr \ 
. Proc. Amer. 
Arts and Sciences. Vol. 51. N®, 4, p. 157. 1915 


3) G. A. F. Mouengraarr. The coral reef problem and I 
v. Wet. XIX, N®, 4. p sostacy. Proc. Kon. Ak. 
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the rate of. movement and the continual mor phological change of 
the geanticline, which have often been so influential in the develop- 
ment of the reefcaps. In. the case illustrated in Fig. 1 the reef, 
originally formed on the south coast lies, in the next stage, on the 
northeru slope of the enlarged island, so that it is hardly permissible 
to speak of a more marked upheaval of the south coast. It may 
even be conceived that also B: is situated north of the coastline of 
the new island, so that in that case the original island is covered 
entirely by the sea, while a new island has emerged farther south. 


Elevated reefs of the Sermata group. 


It has been said above that the reefs, formed at a certain epoch 
in the history of mountain building along the coasts of a geanticline, 
may. perform various movements in the subsequent stages. The rate 
as well as the direction of the movement sometimes differ conside- 
rably at a comparatively short distance. This is clearly illustrated 
by the movements of the reefs in the period of development of the 
geanticline, in which only its highest parts emerge from the sea as 
a group of smaller islands. We shall dwell more particularly on the 
movements of the islands of Luang, Moa, Kisser, and Letti. 

According to my observations in Luang this island, built up 
entirely of permian rocks, is together with two islets near the 
South-eastern extremity, fringed by a very broad reef, extending far in 
the direction of Sermata and also far to the West. Green islets far from 
the north coast and barren, dry portions far from the south coast, 
mark the limits in northern and southern direction; beyond them 
the sea floor declines rapidly. At ebb-tide part of the reef gets dry. 
Luang as well as the two islets close to it, to the South-east, rise up 
steeply from this broad reef; no trace ofelevated reefs was detected, 
so {hat proofs of a period of upheaval are lacking. The island of 
Luang and the two islets near it, impress us as having originally 
formed one continuous whole, and as having been separated by a 
positive movement, which may also account for the formation of 
the broad eneireling reef, which is bordered here and there by green 
islets. Post-glacial upleaval of the seasurface renders the subsidence 
of the land only apparent. 

Now let us look at the island of Moa, more nlenlany its 
eastern half. For the most part the island consists of a low, very 
broad plateau..of coral limestone, which rises scarcely more than 
10-20 m. above the sea, and from which in the eastern part rises 


#- 
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the steep Kerbau mountain '), which consists entirely of peridotites. 
Traces of elevated reefs are lacking in the Kerbau mountain also, 
and if the eastern part of Moa were a little lower, this region would 
present an aspect similar to that of Luang. Both mountains, the Gg. 
Kerbau and the Bt. Merah ‚would then emerge from the sea as two 
separate islands and be entirely fringed by a broad ref. 

We feel justified in assuming that also the latter region has passed 
through a stage of evolution like that of Luang at the present day, 
and that it has been raised above the sea, through a slight upheaval 
after a period of subsidence or a long stationary period, or according 
to Dary through an upheaval after an apparent post-glacial subsi- 
dence. By this upheaval also the eastern part of Moa was united 
to the western part. In the latter elevated reefs are found at a 
greater height, so that the two united islands or group of islands 
have evidently been subject to markedliy different movements. 

The island of Kisser, typified by its peculiar form, behaved 
differently again. The more or less eircular island, is surrounded on 
all sides by a wall of coral limestone raised in several (mostly five) 
terraces, and broken only by a few narrow gullies, through which 
rivulets flow towards the sea. We sighted this island only from the 
sea; according to VERBEEK”) the elevated reefs in the western part 
of the island, near Leweru, reach a height of 147 m., whereas the 
interior, where amphibolite hills prevail, presents peaks + 240 m. 
high. The terraced structure of the elevated reefs points to an eleva- 
tion of the island, repeatedly interrupted by intervals of quiescence 
or — considering the thickness of the elevated reefs (to 80 m.) — 
of subsidence, by which a reefcap was formed, strong enough to 


“ resisft erosion. 


The island of Letti presents quite a different appearance now- 
adays from that of Kisser, but most likely this island has also been 
encircled by a more or less continuous girdle of fringing reefs, of 
which at larger heights occasional remainders were left at 115, 129 
and 134 m.°) above sealevel. Here erosion has demolished the higher 
reefs almost entirely, which — on the basis of what we observed 
about the influence of erosion — may have something to do with 
long and uninterrupted negative movements. 

Many more examples of numerous abnormal elevated reefs in the 


Y H. A. Brouwer. Geologie van een gedeelte van het eiland Moa. Jaarb. v.h. 
Mijnwezen Verhandel. 1916. I, p. 39. 
», R. D. M. VerBeex, 1..c., p. 432. 


3)7G. A. F. Moreneraarr and H. A. Brouwer. De geologie van het eiland Letti. 
Jaarb. Mijnwezen. 1914. Verh. I, p. 82. 
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neighbouring islands could‘be adduced, but the 'foregoing suffieiently 
shows that the evolution of the geantieline has evolved during the 
mountain building process very irregular movements at a compara- 
tively short distance. 


_ Titing Islands. 


Among those we reckon e.g. the island of Misool, to the North 
of Ceram. Corals are thriving well,as well on the south- as on the 
northcoast, but elevated coral reefs occur only in the flat northern 
part of the island, whereas they are.lacking entirely along the steeper 
south. coast up to some way past the watershed.. The island may 
be said to have tilted, if we assume that the south eoast has subsided 
along the line of a fault at the same time when the north coast 
- has moved upwards. This should seem to be very likely especially 
with the island of. Misool, because WAnnEr!) has established the 
presence of a number of faults in the archipelago along the south 
coast bordering on the north side of the deep sea-basin between 
‘Misool and New Guinea on the one side and Ceram on the other. 

However, similar reef-formations may also originate in another 
way, where tilting is out of the question, because the movement is 
not performed by the island as such, but because in the initial and 
the terminal stage different parts of a developing geanticline present 
themselves as islands. In Fig. 1 we have only to look upon the 
geantieline in P'B'Q! as the initial stage and in PPQ as the terminal 
stage. In the latter the geanticline has subsided deeper below the 
sea-surface, but on the north coast an upraised reefcap will be 
seen. With rising geanticlines a similar distribution of the elevated 
reefs will also be seen, e.g. in the manner illustrated in Fig. 2. 


a 


Fig. 2. 


In the terminal stage P’A’B’ only upraised reefs will occur on 
the north side of the new island, viz. between A’ and the north 
coast. Then the island is not merely tilted, but exhibits that part 
of a rising geanticline, which at a certain time emerges from the sea. 


1) J. Wannen. Beiträge zur geologischen Kenntniss der Insel Misol, Tijdsch. 
Kon. Ned. Aardrijksk. Gen. 1910, p. 498. 
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CONCLUSIO:NS. 


1. The parts of a reefcap formed during negative movements 
may for two reasons disappear rapidly through erosion. Considerable 
gaps in the development of a reefcap may, therefore, suggest long 
and uninterrupted negative movements. 

2. In the case of geanticlines, raised above the sea over extensive 
areas, observations along the coast cannot lead t6 conclusions about 
the movements of the highest points, — also with a stable sealevel. 

3. The development of the geanticline causes reefs of the same 
age to rise to various heights, which sometimes differ considerably. 

4. The highest parts of a reefcap are not on that score the 
oldest, also when faulting is left out of eonsideration. 

5. At the top of a moving geanticline an island may disappear 
and yet an island remains visible. 

6. Islands may tilt or only exhibit the semblance of doing so. 


Physics, — “On the Occurrence of Solid Substance in Binary 
Mixtures with Unmixing” 1. By Prof. F. E. C. Scherrer. 
(Communicated by Prof. J, BöRsEKEN). 


(Communicated in the meeting of November 30 1918). 


1. Introduction. When two phases coexist in a binary system, the 


'd 
condition that the temperature and the three quantities ı 5 
U /:T 


) and y—v OR —a# () shall be equal for the two pha- 
v»T dv de J,»T 

ses, must be satisfied. On the surface „= f (v, x), coustructed for a 
definite temperature, the coexisting phases are obtained by rolling 
a bi-tangent plane over this surface. Another method to find the 


hp 


coexisting phases consists in this that the system of curves (5 — 
xT: 


dıp 


d 
= constant (p-lines), (&) = constant (g-lines) and w—v er ar 
® x 


da 
projected on the v—x plane; then two points on the -surface indi- 
cate coexisting phases when through the projections of these points 
run a same p-line, a same g-line, and a same potential line. 
The points indicating coexisting phases, furnish in the v—.x-pro- 
jection a locus the inclination of which is determined by: 


-:(%) — constant (potential lines) are thought to be traced 
vT 


d’ d’ 
a r ie 
dv ) 
& 3m een a) 
bin A ) d’y 
zn “ dv,de, 


in which the indices 1 and 2 refer to the two coexisting phases '). 

The indicatrix in a point of the w-plane is given in first approx- 
imation by the Sa 

d’y > 

v’ E 


ae 1: 


(2 
dv," dv, = ) 


1) Van per Waars—Kounstans. Thermodynamik. II. S. 196, equation 1. 


828 


When equation (1) is written in the form: 


. 3 
dv, vv, a Ye (&) 4 | d Y £ d = 0, ; (8) 
de, bin Ya 7], dv,” dı, bin Ui, dv,@, de, 


it appears from (2) and (3) that the binodal line and the nodal line 
represent conjugate diameters in the indicatrix, which has been 
demonstrated by KorTEwE& '). 


2. The Relative Situation of Binodal Lines and Nodal Lines. 


A great number of inferences which are of importance for the 
treatment of the more intrieate cases of heterogeneous equilibrium, 
which may present themselves for binary mixtures, may be made 
from the above mentioned conclusions from the theory of binary 
mixtures, which have been known already for a long time. 

We shall imagine two binodal lines going through a point of the 
w-plane; each binodal line with the nodal line belonging to it is a 
set of conjugate diameters in the indicatrix. Depending on the form 
of the indicatrix we now get the following cases: 
ap dyp_ /(d’y 
dv? dw’ >(z da 

From the well-known thesis of the ellipse that two pairs of con- 
Jugate diameters separate each other, follows when we indicate the 
direction of the tangents to the binodal lines, by 5, and b,, that of 
the nodal lines. by n, and n,: , 

Moving in a definite direction round the elliptical point, the succession 
of binodal and nodal lines is: 


) . Elliptical point. 


DV 
Now the two phases eoexisting with A (fig. 1) can: 

1. form a three-phase triangle ABC, so that 
the two binodal lines lie entirely outside the 
triangle, and 

„. 2. form a three-phase triangle ARD, so that 
the two binodal lines lie on one side of A 
within the triangle. 

As, however, binodal lines within the triangle 
indicate two-phase coexistences which are metas- 
table with regard to the third phase (the three phase equilibrium is, 
namely, stable inside the three-phase triangle ?), it appears that the 
above mentioned conclusion can also be expressed in the following words: 
!) Kortewee.. Arch. Neerl. 24, 57 and 295 (1891). 


2) We assume that ihere occur no points on the Y-surface where the surface 
seen from below:is concave-concave. j ‘ 


Fig. 1. 
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When one of the phases partieipating in the three-phase equilibrium 
‚ corresponds with an elliptic point on the w-swrface, the prolongations 

of the (stable) binodal lines lie either both inside or both outside the 
three- phase triangle. 


d’w m=( d’y I) 


Be re Parabolical point. 
From equation (1), which can easily be transformed into: 
dw 
ij 
(,—v,) + (e,—,) FE ey 
(=) N dv,de, dv,de, 
A re . (9) 
Cesar 
and from GE — p= constant and (2) = q== constant, for 
which the following relations are valid: 
d,yp d’y 
r dv,de, ee da,’ 
a anda = I —— ‚ 
da, /» d’w da, )g d’wy 
dv,’ dv,da, 


follows that equation (4) for a parabolie point reduces to: 


dv Pi dv dv 
(der, 

Hence the two binodal lines touch the p- and the g-lines, and 
accordingly they are in contact with each other; the two nodal 
lines form arbitrary angles with the binodal lines and also with 
each other. 

When one of the phases participating in the Ihree-phase equilibrium 
corresponds with a parabolie point on the ıy-surface, there ıs contact 
between the two binodal lines ; the binodal lines either lie partly inside 
or entirely outside the three-phase triangle. 

ap dw _ (dy\: , | 

c se, =) f Hyperbolical point. 

In a hyperbola pairs of conjugate diameters do not separate each 
other. Hence: 

Moving in a definite direction round a hyperbolical point, the order 
of binodal lines and nodal lines ıs: 
b,b,n,n, orb, n,b,n, . 


54 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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When the triangle in fig. 2a (order db, d,n,nı) is represented by 
ABC, the two binodal lines lie entirely outside the triangle, when 
by ABD, they lie botb partly inside it, whereas in fig. 2b (order 
b,n,b,n,) one binodal line lies partly inside, one entirely outside 
the triangle both for the three-phase equilibrium ABC and for ABD. 


Fig: 20. Fig. 28. 


3. Of the conelusions discussed in $ 2 the last of those mentioned 
under a is not new. Some years ago Kuenen proved this thesis by 
another method’). I think I have demonstrated in what precedes 
that the relative situation of nodal lines and binodal lines can directly 
be derived in a general way ‘from the already long known properties 
of the w-surface°). 

Though the. realizable parts of the w-surface are only indicated 
by elliptical points, the general discussion of $ 2 has the advantage 
that it points out a regularity for the whole y--surface. The above 
discussed conelusions are of great importance when we want to 
examine :the possible coexistences of solid by the side of fluid. By 
the aid. of the rules discussed in $ 2 it is possible to indicate the 
relative situation of- the binodal lines solid-fluid and fluid-fluid in 
every point. They are almost indispensable in this study, because 
when: these rules are not: observed, we are often in danger in the 
more intrieate cases of mistaking impossible cases for possible ones, . 
especially in the metastable and unstable region. And for a complete 
survey of these existences the not realizable parts of the w-surface 
cannot be dispensed with. 

!) Kurnen. These Proceedings. XIV p. 420. 


2) Note, added during the correction of the Dutch proofs. The theses of 82 
are not only valid for the V-surface, but for any surface, hence also for the Z-surface. 
In BaknHuıs RoozEBooM’s Heterogene Gleichgewichte Ill. 2. SCHREINEMAKERS thus 
discusses analogous rules (p. 115 et seq.); the situations in the metastable region 
have, however, been only partly treated (p. 340 et seq.). 
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4. Coexisience of Solid by the Side of Fhud Phases. 


When the curves CD’ and EF in fig. 3 represent projections of 
binodal lines of a plait on the w-surface, the 
»—a-plane is divided into six regions by the 
nodal-lines AB and the tangents to the binodal 

“lines in A and 3. When also a solid phase 
S coexists with A and B, the point repre- 
senting the solid phase can lie in each of these 

\ regions. Then the rules of $ 2 easily give the 
i course of the binodal line through A and B 
Fig. 3. for fluid phases existing by the side of solid 
for each of these cases. When the solid substance is the second 
component, the most frequently oceurring situations are those of the 
regions 2 and 1. The first case is represented in fig. 4a, the second 

in fig. 5a; the plait has been ussumed to be stable for both, i.e. 

to lie on the convex-convex part of the w-surface (seen from below). 


Fig. 4a. Fig. 5a. 
The points A and B are, therefore, elliptical, and the rules of $ 2a 
determine the situation of the binodal line for fluid phases coexisting 
with solid in the two points, as it has been indicated in figs. da 
and 5a. These situations correspond to the P-«-figures indicated in 
figs. 4b and 55, in which the three-phase coexistence is again indi- 


pP | P 


‘Fig. 4b. Fig. 5b. 
‚cated by ABS, and the two-phase regions are hatched ; the hatching- 


lines indicate nodal lines. 
54* 
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The transition ease which eauses fig. 4a to pass into fig. Ja 
now also often oceurs for the practically oceurring heterogeneous 
equilibria. (An instance of this is diseussed in $ 6). When namely 
the point S lies on the prolongation of the line AB, tlıe nodal lines 
n, and nz coincide (n; 18 the nodal line drawn from a fluid to the 
solid phase, n, to the other fluid phase). The theorem of $ 2a then 
requires that also d, and d, coincide, in other words that the two 
binodal lines are in contact. 

When a solid phase lies on a nodal line of the fluids, the binodal 
lines Huid-fluid and fluid-solid touch each other in the nodes. 

In a perfeetly analogous way it also follows that: 

If the nodal line solid-fluid touches the binodal line fluid-flund, the 
binodal line solid-fluid touches the nodal line of the fluid phases. 

All the cases that can occur for a stable plait, have now been 
discussed. It, however, repeatediy occurs that part of the plait 
indicates unstable states; in the points of the binodal lines which 
are situated within the spinodal line the surface is namely convex- 
. concave, and the points themselves are hyperbolical. In analogy 
with figs. da and 5a we can now again construct two figures, which 
are applicable when one of the binodal lines consists of hyperbolical 
points. (The case, that both binodal lines consist of hyperbolical 
points is not considered; the discussion is self-evidently just as 
simple). In these cases we get figs. 6 and 7. In both point A is 


Fig. 6. En Fig. 7. 
given as hyperbolical, point B as elliptical point. The corresponding 
P-x-diagrams are easy to construct; they have, therefore, been 


omitted; besides the coexistences are not realizable, and are accord- 
ingly devoid of practical importance. 


5. The Four-Phase Equilibria. 


When on the w-surface simultaneous coexistence with solid oceurs 
for a three-phase equilibrium of fluid phases, the number of nodal 
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lines and binodal lines passing through the nodes, amounts to three. 
When we assume- that the three-phase coexistence takes place on 
the stable part of the w-surface, the three fluid phases partieipating 
in this equilibrium are indicated by elliptical points; the relative 
situation of the three pairs of conjugate diameters is again deter- 
mined by the rules of $ 2a in this sense that these theorems hold 
good for every combination in sets of two of the 3 pairs of con- 
Jugate diameters. | 


6. Applications. 


In a treatise on the phenyl- and tolylearbaminie acids recently 
published in these Proceedings it was pointed out that the different 
P-T-figures which are found for these homologous compounds, can 
be derived from each other by moving the quadruple point along 
the three-phase line Z,Z,@'). When the quadruple point reaches 
the critical endpoint, it is still just stable; this is the transition case, 
which conneets this type of binary systems with the type sulphuretted 
hydrogen-ammoniae, where the coexistence Z,/,@ does not appear 
stable any more. 

Such a transition is also found for binary systems without com- 
pound, a fact which Büchner’) already pointed out in his Thesis 
for the Doctorate. We then get a transition from a system with a 
_ quadruple point to the type diphenylamine-carbonice acid. The transi- 
tion itself has not been studied by Büchner; as it is, however, 
possible that by a suitable choice of the components we can get 
close to this transition case — in the cited paper I drew attention 
to the system as-o-xylidine-carbonie acid — the study of this 
transition case has probably not only theoretical importance. 

This transition can now be simply followed by the aid of the 
rules mentioned in $$ 1—5; it has, indeed, been the study of this 
transition that induced me to seek the regularities mentioned in 
what precedes. 

A complete discussion of this transformation is not possible with 
the aid of the above rules alone. For these only indicate the course 
of binodal and nodal lines in the neighbourhood of the nodes. Yet 
this is already sufficient to give us an insight into the phenomena 
that will make their appearance in this transition case. 

For this purpose I will imagine the w-surface to be constructed 
for the temperature of the eritical endpoint (L,=@). We may then 
expect a situation as indicated by fig. 8a or 85. The plaitpoint ?, 


R 1) These Proceedings. 21. 664. (1919). 
3%) Büchner. Thesis for the Doctorate. Amsterdam 1905. 
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represents Z, and Z, becoming identical, /, represents Z, and G@ 


Fig. 8a. Fig. 8b. 


beconing identical; the plait of P, has disappeared in this last point 
within the longitudinal plait; it has been omitted for the sake of 
the lueidity of the figures. The liquid coexisting with the fluid phase 
P, is indieated by A. The nodal lines BCin the plait P,P,A present 
a situation corresponding to fig. 5a; the nodal lines DE to fig. 4a. 
It follows from this that a nodal line may be drawn between BC 
and DE, the prolongation of which passes through S (FG in the 
figs. 8a and 85). Hence in the points F and @ a possibly oceurring . 
binodal line for fluid phases ceoexisting with solid touches the binodal 
line fluid-fluid. (See $ 4. In fig. 8a the nodal line F@ lies below. 
P,4, in fig. 85 it lies above it. 

When we now inquire into the course of the binodal line solid- 
fluid, all the possible situations can be easily surveyed by rolling a 
tangent plane for continually decreasing values of w, over the surface. 
When the w-value of S is chosen high, the tangent curve will only 
intersect the plait on the righthand of DE; with lower value of 
%; a curve will make its appearance which also passes through P,; 
further the curve will intersect the plait both in the neighbourhood 
of P, and in the neighbourhood of DE. Such a situation is repre- 
sented by the curve indicated by crosses. When y, is made to shift 
further, we get a curve passing through /, indieated by a line .of 
dashes. Finally the tangent curve will move in such a way that 
the two points of intersection on the two binodal branches approach 
each other, and at the coincidence in F and @ contact of the two 
binodal curves takes place; the eurve for solid-fluid lies in F out- 
side the binodal line fluid-fuid and is stable; for @ it lies, however, 
in the covered region. By the aid of the rules of $ 2 it may be 
derived that the traced situations are the eorreet ones. It should, 
however, be pointed out that according to these rules the Dinodal 
lines in ?, touch and intersect. 
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The three binodal lines for solid-fluid indieated in ihe two figures 
eorrespond to the equilibria marked by the same letters in figs. 9a 
and d. It will be clear from what has been discussed that the point 


Fig, 9. 


dp 
where ar lie both at higher and at lower pressure than 


P,'). This point corresponds to a nodal line (#G) passing through 
S in figs 8a and 85. On still further displacement the binodal eurve 
for solid lies outside the longitudinal plait. Then the point of contact 
can appear at higher temperature; in figs, 9a and 5 such a point 
of contact is indicated by M. The situation of the three-phase line 
passing through M has been found experimentally by Büchner in 
the system diphenylamine-carbonic ‚acid ?), by Ana Prıns in the system 
ethane-naphtalene ?). 


7. The transition of the systems with quadruple point SL, Z,@ 
to the type diphenylamine-carbonie acid has been derived in the 
preceding paragraph by the aid of tlıe rules given in$2. The shape 
of the binodal eurves is indicated by them, however, only in the 
neighbourhood of the points of intersection. The course throughout 
the region, which is remarkable especially in the covered region, 
could be dispensed with in the above discussion. A full insight can 
only be obtained by considerations on the course of binodal lines 
solid-Huid in general. For this the discussion of some loci on the 
w-surface is required. 

| (To be continued.) 


November 20%" 1918. Delft. Technical Highschool. 


1) At lower temperatures this point lies in the covered region; it will appear on 
a fuller treatment of the transformation that the displacement of this point follows 
easily from the transition of the two three-phase lines SL,L, and SL,G into each 
other (unstable ridge), and the change in this on approach to the critical endpoint. 
These changes may also be directly examined by the aid of the rules of $ 2. 

2) Büchner. Thesis for the Doctorate. Amsterdam. 1905, p. 85, fig. 36. 

3) Ana Prins. These Proc. XVII p. 109. 


Physies. — “On the shape of large liquid drops and gas-bubbles 
and the use made of them for the measurement of capillary 
constants.” By Prof. J. E. VERSCHAFFELT. Supplement N’. 43a to 
the Communications from the Physical Laboratory at Leiden. 
(Communicated by H. KAMERrLINGH ÖNNES.) 


(Communicated in the meeting of November 30, 1918). 


$ 1. The meridional section of the capillary surface in the case 
of a surface of revolution is determined by the well-known equation 


l d(zsiny) 


—kb+yJ)=k') :.....(W 


a dr 
! } dy dz , 
which on account of the relation tan p —= Fr also be written 
vw [4 
in the form: 
sin p 


kzd2=sinpgdp-+ 


de NT OR, 


0 pP’ X 
Fig. 1. 


!) Compare: “On the shape of sınall drops and gas-bubbles’”. 
Suppl. NP. 42c (1918); these Proc. XXI (1) p. 357. 
Fig. 1 gives a diagrammatic representation of the meridional section of tlıe capil- 


] = (u, —u,)g ; . 
ary surface for k ee >0 and for k<O, in the case that Ko, (the radius 


Leiden Comm. 
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We shall first assume, that 4 >0 (liquid below the surface, at 
least. in the neighbourhood of the axis), as is the case in a wide . 
tube or with a drop lying-on a surface. 


°$2. When the meniscus is very large, it will be practically flat 
near the axis and the curvature of the surface is only appreciable 
near the edge. This naturally suggests, for the purpose of integrating 
equation 1’, dividing the curve into two portions: a central part, 
where the angle % obtains but small values and which extends to 
pretty near the edge, and a marginal part, where $ can assume 
larger values and which for smaller values of @ passes into the 
central portion. 

Let ! be a special value of x belonging to the marginal part (for 
which we shall take the abscissa of point B in fig. 1). If Z is suffi- 
ciently large,:it is elear that the marginal part of the curve cannot 
differ much from . what would be found in the two-dimensional 
problem (=); the width of the marginal part is then small as 
compared to / (cf. $ 3), whence putting @—=/-+ u, u may be treated 
as small with respect to /'). For that part we may therefore write 


1 
kzdze =snpd, + rl! _ +, .) da Ham nr (2) 
which equation may be solved by successive approximations, 


$ 3. To a first approximation we thus have, as in the two-dimen- 
sional problem), since 2 and $ become very small together’) and 
#0, forie.— zZ, 


of curvature at the top) is very large compared to x, i.e. that R)V + k is alarge 


ER 2 
number and therefore nV #+k=-———— a small number. 


RV =+k 
The figure is drawn on the assumption of R, being positive (i.e. liquid below 
for k>0O and above for k<0); in the opposite case the meridional curve would 
be obtained by turning the figure over about the w-axis. 
1) This method of simplifying the problem was already used by Poısson, Nouvelle 
theorie de l’action capillaire. See also: A. FErGUson, Phil. Mag., (6), 25, (1913) p. 507. 
3) Compare for instance A. WINKELMANN, Handbuch der Physik, 2e Aufl I(@), 

(1908) p. 1131. 

3) 2 does not become zero, however, for o=0; from which it would seem to 
follow that equations (3) can only hold as long as $£ is not infinitely small. 
On closer inspection they appear to remain valid (provided u<< A), since the 
dependence of 2 on & for small values of 2 is of an exponential nature; indeed, 
for ©. small (3) gives uVk=lgp+?2—log4=log +0,14, vk=Yp= 
= 0,543 eV k = 0,543 e7 Ivk,g”Wk, hence the minimum-value which 2 attains at a 
large distance from the edge is infinitely small of a higher order than the infinitely 
small values of z in the neighbourhood of the edge. 
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zyvk=2sn}p') uVk—lotaniyp + 200849). u) 
Substitüting this value of z in the first correction-term of (2) we 


obtain as a second approximation 


4 
: — 9 gm? eh u er 
4kz’=2sin 9 ta! o’yY) .. 


or, as long as sin 53 p does not become infinitely small (9 < 2 )') 


A ip+tsnp)‘). -» -» (4) 


uWk=logtantp+2cs4y+ —_—- ——— (3logtanz p —tsec'4p+cosp+3) (5) 


31 , 


Fu 3n age f 
Putting p successively equal to Di and Se the coördinates o 


A, Band D (fig. 1) are found as follows: 


u 
!) In order that this expression may stand as a first approximation, — sinp must 


be very small as compared to kz or, since sin@ is 1 at the utmost, klz must be 
a large number (kl2>> 1); it follows, introducing the expression for 2 and remem- 
bering that also sinp<or=1, that 2Wk>>1. 2IWk must therefore be a large 
number, say 100; since for water %k is about 13, / has to be at least 15 cms in 
order that the approximation may be applicable. For mercury (k = 30) it would 
be 10 cms. 

2) From this relation it follows, that © may be considered as-infinitely small, 
while u. itself is still small with respect to /; i.e. 2 actually becomes very small 
in the marginal part (provided Wk>> 1). For instance for 9 = !/oo (0°.6 about) 
uV k becomes approximately — 4, i.e. still a moderate number ; in view of this fact, 
however, the practical limit of applicability of the approximation was possibly 
estimated still rather low at Wk = 50. 


®) Unless 9 itself is infinitely small, for in that case the correction term in (4) 
is still much smaller than the principal term. 


+) Except for a small reduction this formula was already given by Poısson (loc. 
eit.). With the degree of approximation in question it is of no importance that the 
quantity / has not the same meaning with Porssox as here, the difference being 
small compared to / itself; indeed we miglıt just as well have represented by / 
any other distauce which differs from ! by an nn small amount, such asthe 
abseissa of A or of D (fig. 1). 

Compare also FERGuson, loc. cit., equation IX, where, however, the expression 
for 2V’k is incorrect owing to an error of sign. 

It may be here remarked in passing, that the manner in which FERGUSON 
integrates equation (2) comes to the same as introducing a new variable c=Ip+tz; 
for the rest the equation is also solved by successive approximations, The trans- 
formation in question is unnecessarily cumbrous. 


839 


G=ı: zuvk=yat @y2-1) = Be | 
i = r- ik 


u4V k=bogly 2-1) 4 Vet + Verl —0,532- 


YB=n et ugVYk=V0 N 


n=i DRzrar Bye ld ... 
3lyk Iyk 


uDV k=log (Va) V24 ale) wen) (8) 
1 0,372 
an le 2) +W2-=-05324 Fr 


We shall not try to carry on the approximation any further. 


=-togy 2-N)+V 21- 


$ 4 We now come to the central part of the meridional curve. 
Since in that part is infinitely small, we may put ing =gyo= 
=tany=z’, and may thus write equation (1) to a first approxi- 
mation in the form 


a u 
= — (ez)=k2.0r !" +-—k=0 ....6() 


a da x 
By the subsfitution oyk—= 5, z2=n, the equation reduces to 
+ tn=0, a 
which is Besser’s equation of order zero. Therefore, considering that 


at @o=0 2 is finite, we have 


Net ne SEN 
J, being’ Besser’s funetion of the 1° kind and order O; tlıe inte- 
gration-constant Ah is equal to the value of z for «=0'). 


l) Since Ju(&) = 1 for £=0. Consequently for a very large meniscus (very large 


R,) in the neigbourhood of the axis of rotation, replacing Ah by its value 


1 
2kR, 
(ef. Leiden Comm. Suppl. N®. 42c; these Proc. XXl1 (1) p. 357)), we have 


1 1 1 ka? 1 (7) + | 
Tr) Tapeten) ey 


as is also found directly by solving the differential equation of the meridional 
section by development in a series (cf. SchaLkwisk, Leiden: Comm. NV. 67, (1900-— 
1901) these Proc. III, p. 421, 481) and putting R, = ®. 


er 
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$ 5. It follows from (10)'), that for large values of x differing little 
from !/@a =14+ u 


N ——(! . 7) , 
Varevk V2r Viyk 
On the other hand it follows from (4’) and (5), that for infinitely 
small values of p, but « still differing little from Z, 
iur YkZigpeu ya ge 5 u Naar 
By equating the values of z in (11) and (12), putting 24 = rand 
remembering, that Y k— Wk=u4uV k (eq. 6), we find 
Ahvk—0924Vnrykevyk .... . (13) 
This therefore is the relation between the radius r of a wide 
tube and the ascension A of the liquid in the tube (the angle of 
contact being zero). 


2. > 


$ 6. An examination of the further course of the meridional curve 
at a larger distance from the axis.than = / (branch DEF... etc.) 
shows, that the curve consists of a series of U-shaped curves, as 
represented diagrammatically in WInkELMAnN’s Handbuch der Physik, 
I (2) p. 1141, fig. 404, these curves, however, are very much 


X 


Fig. 2. 


elongated as shown in fig. 399 on p. 1135. The width of the eurves 
is small compared to /; they therefore still belong to the marginal 
part of the meridional curve and the equation to these eurves is 


Lean for instance Nıewsen, Handbuch der Theorie der Cylinderfunktionen 1904, 
P- . i 
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found in the same manner as equation (4). Representing by z, the 
minimum of z (ordinate of the lowest point F, fig. 2) and putting 
p=0 for z=z, we find = 


8 
An. ame, (14) 


(the positive and negative sigus corresponding to >00 and y< 0 
respectively) ’),. Since the curves have to join on to each other, it 
is easily found, that for the n!h eurve 
Va er 
V3lyk 


where the abscissa of F may conveniently be taken for {. 


4 


(15) 


N Fr 4 
Putting Av —=V 1—3? sin’ w, where 2° — ie, andpy=!(n+y), 


we have as a first approximation, as in the two-dimensional problem °), 


y y 
zVk=2Ay uve= | 50 —2 [Away EL) 
Yan Yan 
u being the abeissa of an arbitrary point P of the curve relatively 
to point F, Le. u=ap— ar; the total width 2» of the curve is 
therefore such that 


ken my 2k em... ON 
. Yar\ 
K and E being the complete elliptical integrals ( f ) of the 1° 
0 


and 2nd kind respectively, with modulus 2. Now A is but little smal- 
ler than 1, viz. 


an 

=1l—I1k'’=1— ——; 18 
3—1—Hkz, Nr (18) 

K is therefore very large, namely in a first approximation °’) 

4 2n 
K= log = }log8 — % log —— (19) 
one) I30y% 
E being finite, viz. = 1; it follows that 

2. VE 1082 rl in dee AR 


I) The change of sign at = is due to the change of sign ofsin 4 9, whence 
for 9>0 V ki 2) = +2sin} p and for p<0=— 2sinyp. 
2) See for instance WInkELMAnNn, loc. cit., p. 1134. 


3) See for instance O. Scurömitch, Compendium der höheren Analysis, 3e Aufl. 
1879, II, p. 322. 
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is the relation between the ordinate at the minimum z, of one of 
the curves and its width 2p'). | 


$ 7. Before proceeding to the discussion of the case k < 0 we shall 
first consider another problem, that .of the ascension (or depression) 
of a liquid on the outside of a wide eircular tube which is immer- 
ged in an infinitely extended liquid; the meridional curve then shows 
an infinitely extended branch 'RST (fig. 3) which may also be 


Fig. 3. 


realised, in that case up to. Q (ef) :12), by lifting from the liquid 
a broad eircular plate which is moistened by it. 
The equation to this branch is found in a similar way to that 
of the branch OEAB in fig. 1. We may again divide the curve 
into a marginal part whose abscissae measured from zq=l are 
small with respect to / and a more distant part in which # becomes 
comparable to / and even large as compared to it, differing little 
from zero (p=0 at infinity). 
| In the same way as in $$ 2 and 3 (equation (2) is still valid) 
eönsidering that 2=0 for p=2r and u=0 for = a we find 


i N) la a 29, this gives pYk= qV k — 0,532 N $ 3), and 
evkalsdemn: en ee 


one 
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ke’—2 sin" d}g— 
4 3q zit +08: 4 ph 2... . (21) 
or 
zyk=2sn!g — avi an (@ootanzp—siny)'),.. . (22) 
whence 7 
.-- 1 e h 
auzrleg tantp-+2cos} v7 3 logtan 4 p +4 c0sec’ 1 p - cos p - 3). (23) 


> b n In 
Putting % successively equal to 5 7 and = the ceördinates of _ 


N, Q and R are found as follows: 


ee a 
ee zRrnis 17 all Iyk 
0,372 En 
u Vk=tlog(y2-1) + V2}- love 1)+V2-1=0, 54, 
2 
ya zn ?Q AL uQ Veh n 34 x (25) 
37 0,609 
ET N ee -aere- N ne ar 


0,039 


u, Vk=log(y 2+1)-V2-——Blog(y 2+1)-(V2+H)=-0, 53247, 


7 
-.$ 8. The outside portion ofthe curve RST, corresponding to values 
of %, which differ but infinitely little from 2 and extending to 


infinity, is again determined by (9). Since, however, in this case 2 
approaches zero at infinity, the solution will now be 


a=ah, (evh, 2...) 

where H,% is Hanker’s function of order zero and of the first kind. , 

The integration-constant a is found by joining on to equations 

(22) and (23) putting 9=279--W, where w is infinitely small. In 
the same manner as in $ 5 we then find 


log evk=— uk — 0,014 — 5, RD TREE 123) 


whereas for large values of x diffefmg little from / equation (27) 
gives 


1) This is a known formula, except for a small reduction (ef. for instance Win- 
KELMANN, loc. cit., p. 1148). See also A. Fercuson, Phil. Mag., (6), 24, (1912) p. 837. 


844 


e.V k da e-ivk R eV k 7 ') 
—.24 = —— —— 1— ö 
Vazayk Var Viyk | 
Therefore, putting &r = r and considering, that VE=WTR 
+ urV k (eg. 26), 


(29) 


2 


av k—= }.0,924 Vinrykevk . „u 22 


$ 9. According to (21) y cannot become zero; on the other hand z 
can become zero at a: point M (fig. 3) where $ goes through a 
smallest value. The continuation of the curve QNSM to the left 
again consists of a series of elongated S-shaped curves, as repre- 
sented diagrammatically in fig. 3°). 

The width. of these curves is again small compared to / (abseissa 
of point M) and the following equation is found for them 

kz’ — 4 sin’ pP — pm’ + az —co’}y). . . BD 
(the positive sign referring to the part, where z>>0, the negative 
sign to the rest); 2 becomes zero for 
4yVn 
V3lyk 
according to whether the order n of the point M,„, where the n 
curve interseets the axis, is odd or even’). 

Introducing a new angle w such that ‘) 


PZGn = or for p—=2n — fm; Te (32) 


6085 @ 2yn\ 1 
siny = =(1+ 2, jo 1p= 4, ae (33) 


008 $ (pm 


we have in first approximation, as in the two-dimensional problem, 


ZER—IER 805 E uVYkzz ® day ä 
== 1) uyk= Rn Aydy, . (834) 
Yy y 


u being measured from M. The total width 2p = xg—xı, is therefore 
given by the same expression as in $ 6; hence 


{mn = 1,082 e-wWk. a 


I) NieLsen, loc. eit. 

2) Comp. WInkELMAnn, loc. cit., p. 1138, fig. 400g. 

®) In the first case the curve rises with increasing values of x, and p changes 
from z to = through 9m, in the other case the eurve falls and © changes from 
z to x through 2r— pm. 

*) Of. Winkermann, loc. cit., p. 1137. We shall take Yin such a direction, that 
y=+4(—p) +2 (infinitely small), with + for odd eurves (p<r), and 2 for 
even ceurves (P > r). | 


un A 
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will be the Belakın between the width of the curve and the (sharp) 
angle at which it intersects the x-axis !). 


$ 10. Capillary surfaces, whose meridional sections correspond to 
the eurves DFG of fig. 2 or ZMN (as also the one of opposite 
direction) of fig. 3 can be experimentally realized between two tubes 
the radii r, and », of. which differ comparatively little (say: r,—r, 
a imh I + en but still so much that (,—r,)V k is a fairly 
high number. In general, however, for given values of p=t(r,—r,) 
and /=}(r,-+r,), n will not be a whole number, i.e. the surface 
which establishes itself between two arbitrary tubes does not form 
part of those discussed in sections 6 and 9. Still, the equations as 
given remain valid, in other words the meridional eurve is still 
represented by equations (14) or (31) and the capillary rise äs well 
as the minimum angle are still given by equations (20') and (35)). 

The U-shaped or S-shaped curves, obtained in that way, again form 
part of a series of similar cürves, but the first series does not 
now in general terminate on the side of the axis of revolution in 
a. curve which runs approximately towards the origin, neither does 
the second series finish up on the side away from the axis in a 
branch running to infinity. It is easily seen, that the condition is as 
follows: the U-shaped curves become lower and lower on the side 
of the axis (towards the left) i.e. z, becomes smaller and after having 
gone through a minimum z, becomes imaginary, equation (14) 
assumes the form (3), that is: the U-shaped curves change into 
S-shaped ones. Conversely: the S-shaped curves assume towards the 
right smaller and smaller values of 9,„: ultimately %„ becomes 
imaginary and the ‚S-enrves change into U-curves. ?) 


$ 11. We shall now consider the case k < O0 (suspended drops). 


1) Putting 2q = 2n—ı, we find 
Ih BE WEL N I Es 
2) If (ra—rı)Yk is a moderate number, the results of the two.dimensional 
problem will be applicable as a first approximation without any simplification. If 
(ra -rı)Vk is very small, the section is circular in first approximation and the 
further approximation may be carried out in a way similar to that. used in Suppl. 


N°. 42c for small drops. 
If the difference r3—r; is not small compared to !=4(r,—r,), then in the 


neighbourhood of z=1],. and &='r, the-developments of Yeslikns 7 and 3 will 
hold, whereas in the Be region 

> = 2a HN (ey k) + bI,liayh), .» . ©..." (86) 
‚the value of a being given Sr eg. (30) with r=r,, that of b by h from equation 
(13) gun r=nr. 
55 
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Broad hanging drops cannot be obtained; it is clear that it is im- 
possible to make drops hang from a wide tube, but also the drops 
which are formed on the under-side of a horizontal moistened plate 
do not attain large dimensions. If for instance a horizontal plate is 
immersed in water and then lifted out, the liquid which adheres 
to the plate colleets in one or more drops which grow (sometimes 
flow together), drop off, grow again etc. but the width of the drops, 
finishing up tangentially to the plate, is in no way commensurate 
with the size of the plate. 

‘The meridional: section of the capillary surface in that case (as 
long as the drop is not yet constrieted in the middle) consists ofan 
undulating curve (fig. 4), the waves of which become lower and 


Fig. 4. 


lower, as they are further away from the axis)'); the suspended 
drop represents the part AB comprised between the axis and the 
first maximum. Curves drawn according to Kewvın’s graphical method 
seem. to show, that the distance of the successive maxima and minima 
from the axis of rotation increase with the radius of curvature at 
the. top; however, there is a limit to this increase: even for very 
flat drops the distances remain moderate, as may be shown in the 
following manner. 

When the drop is very flat, the angle g may be considered as 
very small everywhere and the shape of the section is determined 
by (9), or putting k= — k' by 


n 2 an 
Eich Be Os nun 0 


This equation passes into (9°) by the substitution avk—E 
z2=n, therefore 


!) See Winkermann, loc. cit., p. 1146. 
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z=z,J),levh, . ...0.2.0..(0) 


2, the ordinate er CO) at the top ( = =; As was to be 


expected, the course of this function corresponds to the curve of 
fig. 4'). The maximum B is found at av k—=3. 83°) and its ordinate 
is 25 = 0.4028 2, hence the total“height of the drop is given by 


H= 1,4038 2, = 1,1028 x, BUN 237) 


0 
independently of the width (at least as long as R, is large). 
At a large distance from the axis of rotation the curve approach- 
es to 


eve. BR a 


= 7= 


$ 12. Although the capillary constant has sometimes been calculated 
from observations on large drops (lying on a surface) or gas-bubbles 
and although methods are known which are based on that principle‘), 
a really practical importance cannot be ascribed to them. It is only 
for the sake of completeness that we shall refer to these methods 
here in a few words and supplement them, where necessary. 

In our discussion of the different ways in which surface-tension 
may be determined by means of very small drops and bubbles°), 
the methods were divided under three groups which might be called: 
‚the pressure-methods, the weight-methods, and the geometrical methods. 
In the methods of the first group the surface-tension 0 is derived 
from the measurement of the pressure in a drop or bubble of given 
radius; in those of the second the force is measured which makes 
equilibrium. with the surface-tension along a special line (in other 
words: the weight is measured of the liquid carried by the surface- 


1) See for instance JAHNKE und EmpE, Funktionentafeln. 
3) For water (with k= 13) therefore zz = 1.06 cm. 
3, Cf. NiELsEn, loc. cit. For large values of x the general solution of (9”) is 
‚as follows 


din (a VE Hd) end 1 88 


r zz 


DER B 
- The other portions of the meridional curve, such as BDEFG (fig. 4) do not seem 
to be possible. If a horizontal ring is moistened with liquid, one or more drops 
"will remain suspended, but they do not unite into a ring of liquid. 
4) See for instance WINKELMANN, p. 1155. 
- 5) Leiden. Comm. Suppl. NP..42d (1918); these Proc. XXI (1) p. 366. 
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| 
} 
tension)); the third group contains the methods, in which o is solely 
derived from tbe shape of drop or bubble (measurement of certain 
dimensions). This division is general and also holds for large drops 
and bubbles; only in that ease the pressure-method is of no impor- 
tance practically on account of the smallness of the pressures to be 
measured owing to the very slight eurvature at the top; thus for 
instance equation (13) which gives the ascension at the axis of a 
wide tube of known radius is of no importance from a practical 
point of view. 
Of greater importance in this case would seem to be the geome- 
trical methods, which consist in measuring the coördinates of the 
points A and B of fig. 1, Q or R of fig. 3 and applying equations 
(6), (7), (25) or (26). But the application of these methods is hindered“ 
by the diffieulty of an aceurate measurement of the coördinates. 
The greatest practical importance attaches to the weight-methods. 
Gay-Lussac already derived capillary constants from measurements 
of the force which is required to lift a horizontal disk, which is 
in eontact with a widely extended liquid ?), above the surface; this 
force, apart from the weight of the disk, is given by | 
P=artuga— Anroengpn. Ina Eure 
where z is to be replaced by its value from (22) (with /=r). The 


3 3 
simplest cases are those, where y = B and =7°); in the latter 


case, which can only be realized with a disk which is completely 
moistened by the liquid, the force is a maximum *). 


!) The method of measuring the capillary rise in narrow tubes belongs both to 
this and to the first group. 

») As mentioned by LarLacz, Mecanique c&leste, IV, 2e suppl. au livre X. 

$) WINKELMANN, p. 1148 and 1156. 
. *) Accurately speaking this maximum is reached a moment before the disk is 
lifted to the greatest height (ordinate of Q, fig. 3); puttinge = -+ e, the maximum 
4 


of P is reached, when e = mr But as long as 2 is only known to a second 
u 

approximation, this circumstance has no influence on the equation to be used in 

this case. 


If there is an angle of contact i, both « and i might be found from two obser- 


: Be BE ru 
vations, for instance one. in which o = (this is Impossible when i > 5, and ano- 


ther in which the force is a maximum, in which case o=r-i. If i> Zyasfor 


mercury, one might also determine the weight of a drop on a horizontal plate. 
in that case (39) is again applicable. Or the greatest force may be measured which 
is required to submerge a disk in a liquid (ef. A. Maya, Sill. Journ., 4, (1897). p- 253. 
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Properly speaking, with the meaning given above to “weight- 
method”, Gay-Lussac’s method does not belong to this elass, but is 
rather to be ranged. under the 3'4 group '). Proper weight-methods 
are those in which the capillary force is measured acting on a plate 
suspended vertically in a liquid °) or the force which is required to 
detach a thin horizontal ring from a liquid. The latter force, inde- 
pendently of the weight..of the ring, is given by 

P=2nö(r,sinp, —r,sinp,)tr(l,’—r’)ugs - . (40) 
r, and r, being the internal and external radii of the ring; the 
angles y, and p, for given values of z are determined by equations 


(4) and (22). The ring detaches itself, when z has become a little 
bigger than the ordinates of 4 (fig. 1) and D (fig. 3); putting 


7 37 
Dt, n=2—h in tn=r md non=h, 
P is found to be a maximum, when 8 =e,—=44y 2k, whence 
un I hIVOk + Lk + 1 ‘8 vaı)) (41) 
4nor e ze er . : 
I) According to (39) the force applied serves mainly (when =, exclusively) 


to balance the hydrostatic pressure; the determination of the weight is therefore 
principally an indirect way of measuring the height 2. 

2) WILHELMY’s method. See WINKELMANN. p. 1156. 

3) This equation was found previously by others (cf. WInKELMaAnn, loc. eit., p. 
1157), all but the last term which, however, is of the same importance as the one 
preceding: it. 

The equation also holds in the case of a ring, which is forced down into a 
liquid like mercury. 


Anatomy. — “Comparison of the Brain Weight in Function of the 
Body Weight, between the Two Sewes.’ By Prof. Eus. Dusoıs, 
(Commnnicated by Prof. H. ZWAARDEMAKER). 


(Communicated in the meeting of November 30, 1918) 


The general relation of the brain weight in function of the body 
weight, between homoneuric species of Vertebrates could be accurately 
determined, because between ihem there often exist important differ- 
ences in size. Thus it is known that their brain weight is proportional 
to the power 0.56 of their body weight, to 2056 (more aceurately 
‚P0555..). 

Between individuals of {he same species and of the same sex, 
however, the brain weight of each is on an average proportional 
to a power of the body weight that has only half that value, but 
with the available data it could not yet be ascertained whether this 
is Po, P025 or P0928, The differences in the size of the body within 
a Species are generally small, and when they become more consider- 
able, as is the case with the Dog, we have to deal with such 
dissimilar. material, that the relation in question can only be deter- 
mined in approximation. For te human species we have, indeed, 
the advantage of having at our disposal a great number of deter- 
minations of weight, but here the brain weight has mostly been 
somewhat modified by the illness preceding death; in general it has 
somewhat diminished, but not to the same degree for all individuals. 
We may, indeed, make use of an indireet method of determining 
the brain weight, but it is clear that there are also objections to be 
alleged to this. There are as yet too few data available about normal 
individuals that have died a sudden death. 

On the strength of the relations that appear to be valid between 
the cellular dimensions and volumes in the nervous system, I have 
Bons more and more inelined to consider 7028 (more accurately 
PP?7..) as the correct interindividual factor, and to look upon my 
earlier attempts to interpret P02? as superfluous. ') 

With regard to the determination of the intersexual exponent of 
relation the diffieulties are, indeed, somewhat less, because it is 


!) These Proceedings. Vol. XVI (Meeting of December 27, 1913), p. 664—665. 
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possible to compute wider averages; but besides for Man there exist 
still few data. In 1907 Larıcgur demonstrated‘) that this exponent 
of relation, between the two sexes of the human species, is equal 
to that between homoneuric animal species of different weight. 
Among Europeans, man is on an average about 19 kilograms 
heavier than woman; his average brain weight is about one and a 
half hectograms more than that-of woman. By taking the results of 
all the authors into account, LaPricqur arrives at the round values 
66 aud 54 kilograms for the average body weights, and 1360 and 
1220 grams for the average brain weights of European men and. 
European women, to which an .exponent of relation of 0.56 answers. 

A much smaller exponent of relation holds within each sex; the 
brain weight varies much less considerably in comparison with the 
body weight. Larıcque draws attention to the discontinuity from one 
sex to the other, whieh thus appears. It had already been long 
observed that equal mean brain weights did not correspond to 
equal means of body height or of body weight of men on one side, 
and women on the other side; we have, in fact, to do here with 
two distinet series, like two species. The paradoxal character of this 
view, LaPicguE continues, disappears when it is thus formulated : 
“dans le cas de dimorphisme sexuel la difference sexuelle doit &tre. 
traitee au point de vue mathematigue comme une difference speeci- 
fique”’’). The difference in body weight between man and woman 
he justly considers as a clear secondary sexual property. In the 
brain weight there is now a difference of the same order, and 
assuming the above reasoning °’to be correct “ces.deux caracteres 
en realite se rameneraient A un seul, la difference de poids corporel ; 
la difference de grandeur encephalique ne serait qu’une consequence 
harmonique’’ ’). 

On closer- consideration I cannot concur with this last conclusion 
of the distinguished French physiologist. If it were correct, if actually 
one of the sexual properties in question were the necessary conse- 
quence of the other, we should find not only a mathematically 
equal relation, but also a causally equal relation between all di-, 
morphous sexes as between the homoneurie species, for which 


I) Lovıs Lapicqur, Difference sexuelle du poids enc&phalique dans l’espece 
humaine. Bulletins et M&moires de la Societe d’Anthropologie de Paris. Seance 
du 6 juin 1907. Paris 1908, p. 337—344. 

2) Louis LaPıcquz, Comparaison du poids encephalique entre les deux sexes de 
l’espöcce humaine. Comptes rendus de la Societe de Biologie de Paris. T. 63, 
Seance du 9 novembre 1907, p. 434. 

9 Ibid., p. 746, 
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the brain weight and the body weiglit are in a fixed, 


namely 
This is, however, not the case, as I 


causative ratio to each other. 
propose to demonstrate '). 

In order to trace the cause of Ihe agreement found between 
the relation of Man and Woman and that of the homoneuric 
species, and at the same time of the departure from the inter- 
individual relation, it is required in the first place to examine 
whether this agreement and this deviation is general, and further 
how the sexual difference of the size of (he body can have influence 
on the quantity of brain. 

With regard to the first point Larıcqus examined, already in 1907, 
whether for the common Rat (Mus norvegicus Erxl.) and the common 
Sparrow (Passer domesticus L.) the male sex possesses an excess of 
body weight and at ihe same time an excess of brain weight above 
the female sex, as in the human species?). He found this for both 
animal species, least clearly for the Rat. Of 15 full-grown male 
sparrows and 13 full-grown female sparrows the.average body weights 
were 30.8 and 28.7 grams, and the average brain weights 994 and 
959 milligrams, from which an exponent of relation of 0.5077 can 
be calculated ’). Given however the slight differences of the average 
weights, which Larıcgur himself (p. 747) calls only “approximatives”, 
added to the comparatively great individual deviations, not-much 
value should be assigned to this result. The body weight ranged 
for the male sparrows from 28.61 to 33 grams, for the female 
from 26.30 to 31.10 grams; the brain weight for the male sparrows 
ranged from 825 to 1080 milligrams, and for the female sparrows 
from 900 to 1110 milligrams! It is certainly not possible to con- 
elude from this to a relation of the brain weight and the body 
weight between the two sexes of a similar nature as for Man; nor 
did Larıcqur feel justified in doing so. For the rest it is well-known 
that the sexual difference in size for the Sparrow, if it does exist, 
is only met with to a very limited degree. 

Sexual parity certainly applies to the Colin (Colinus virginianus L.), for 
which gallinaceous kind of bird HrpLicra determined body weights and 


!) I have to rectify here my former erroneous assumption (These Proceedings 
Vol. XVI, p. 659) that this relation would be the same in general for Veifebrates 
as for Man. 

) Lovis Larıoqus, Difference sexuelle dans le poids de Venc&phale chez les 
animaux: Rat et Moineau. Comptes rendus de la Societe de Biologie. Tome 63 
(1907), Seance du 21 decembre, p 746-748. 

3) From the average weights of P and E in the two sexes repeatedly given there, 
On p. 748 the result of this caleulation has been erroneously given as 0,57 there 
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brain weights of 7 adult cocks and 9 adult hens'). The averages 
are 124.1 grams for the body weight and 1.223 grams for the brain 
weight of the cocks, and 123 grams for the body weight and 1.242 
grams for the brain weight of the hens. From this we may conelude 
to the equality of the two sexes in both respects. 

-- An important sexual difference.in body weight exists on the other 
hand for the Domestic Hen. In what quantitative relation between 
the two sexes is here the weight of the brain to that of the body? 
. Careful determinations of weight for an adult cock and an adult 
hen made by Faıck’) and for an adult cock by WELcKER ’) gave 
the following results. 

The body weight (without “ballast”’) of Fanck’s cock, which was 
extraordinarily large for its breed, was 1745,67 grams, the brain 
weight 3.82 grams, the (net) body weight of the hen was 985.15, 
and the brain weight 3.36 grams. From this we find an exponent 
of relation 0.2248. By comparison of the same hen with WRrLcKEr’s 
middle-sized cock, which had a “Reingewicht” (net weight) of 1445.7 
grams and possessed 3.7 grams of brains, we obtain an exponent 
of relation of 0.2513. 

Given the comparatively much greater differences of the brain 
weights between the two sexes, these results in themselves have 
already a greater importance than those which Larıcqur obtained 
for the Sparrow. I found between an almost full-grown (more than 
six montlıs old) cock of the Leghorn breed, and an entirely full- 
grown (two years old) hen of the same, but not quite pure breed, 
the exponent of relation 0.4490 for (net) body weights of 1803 and 
1197 grams (wit emptied crop and stomach) and brain weights 
of 3.75 and 3.12 grams. Seeing however, that this cock was not 
fully grown, and was therefore too light for its brain weight, the 
intersexual exponent of relation for the Gallus kind appears to be 
half so great as for Man also here ‘). 

This is in concordance with what we find for different species 
of mammals. When in the series of Max Weskr’s dogs‘) the 7 


ı) A. HroLıckA, Brain Weight in Vertebrates. Smithsonian Miscellaneous 
Collections. Vol. 48. Publication N®. 1574 Washington 1905, p. 106. 

2) G. Pm. Pater, Beiträge zur Kenntniss der Bildungs- und Wachsthumsge- 
- schichte der Thierkörper. Schriften der, Gesellschaft zur Beförderung der gesammten 
Naturwissenschaften zu Marburg. Band 8. Marburg 1857, p. 165-249, (p. 242). 

3) R. WELCKER—-A. BRANDT, Gewichtswerthe der Körperorgane bei dem Menschen 
“ und den Thieren. Archiv für Anthropologie, Band 28. Braunschweig 1902, p. 53. 

4) See below, p. 864. 

5) Max WeBeEr, Vorstudien über das Hirngewicht der Säugethiere. Festschrift 
für CarL GegenBAuR. Leipzig 1896, p. 111-112. 
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largest male dogs, which weigh from 12040 to 53000 grams, mean 
weight 27503 grams, and possess from 70 to 123, on an average 
100 grams of brain, are compared with the 7 smallest female dogs, 
which weigh from 6000 to 14250 grams, mean weight 8908 grams, 
and possess from 64 to 86, on an average 77 grams of brain, we 
get an exponent of relation of 0.2318; i.e. very nearly the inter- 
individual exponent for equal sexes of dogs, as determined by 
Laricque. 

Among Ricner’s 157 dogs‘) twenty are stated to be female. 
Possibly there are among the remaining dogs a few more female 
ones, not indicated as such; this does not make much difference 
for. our purpose. When these twenty female dogs are compared 
with an equal number of male dogs, the bodyweights of which lie 
as close as possible to those of the female dogs, these weights for 
the two sexes together ranging from 5 to 37 kilograms, and the 
brain weights from 53 to 125 grams, we find (always comparing 
sets of ten): 
between the largest and the smallest 2 an exponent of relation 0.3287 


”„ ER} Le) d „ „ 1 d „ „ ’ 0.3374 
„ ” ’ ? „ „ „ d DE) „ „ „ 0.2988 
„ „3 „ Q „ >, ER} Q ER} „ „ 12} 0.2899 


It is evident that the discontinuity in the transition from the one 
sex to the other, which is so striking in the human species, does 
not exist here. 4 - 

Of five domestic cats, examined by WıLDer ’), three male cats 
have a mean body weight of 3284 grams, and a brain weight of 
29 grams, two female cats a mean body weight of 2410 grams and 
a brain weight of 27 grams, from which an exponent of relation of 
0.2310 can be caleulated. 

According to Larıcqur two bulls and six cows °’), with mean body 
weights of 540 and 397 kilograms and mean brain weights of 480 
and 429 grams, give 0.3650; two rams and three sheep, with body 
weights of 55 and 50 kilogr. and brain weights of 140 and 125 grams, 
give 0,2064 for the exponent of relation. Also the first mentioned 


!) CHARLES RIcHET, Poids du cerveau, de la rate et du foie, chez les chiens 
de differentes tailles. Gomptes rendus de la Societe de Biologie de Paris 43; 
9me Serie. Paris 1891, p. 405—415. 

?).B. G. Wiuper, Oerebral Variation in Domestic Dogs. Proceedings of the 
American Association for the Advancement of Science, 22nd Meeting (1873) 
Salem 1874, p. 238. ? 

®) Bulletins et Me&moires de la Soeiete d’Anthropologie de Paris. Seance du 
6 juin 1907, p. 335—336 
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value of the intersexual exponent of relation still lies much nearer 
0.28 than 0.56. er 

Though the number of the aahle compared may R small, 
together these comparisons appear suffieient to prove that there 
exists another..ratio of the brain weights to the body weights between 
the two sexes, very different from that in _the human, species. | 

For not a few, probably for by far the most species there does 
not exist sexual dimorphism in this respeet, even where it might 
be expected from ‘the external difference in the size, as for the Ox 
and the Domestic Hen. For those species which do not show sexual 
dimorphism in the size of their bodies this is still less.to.be expected 
in the brain weight. Of 16 male squirrels (Seiurus vulgaris I.) I 
found the body weight on an average 331 grams, and of 15 female 
squirrels killed. in ‘the same neighbourlood on an. average 326 grams. 
Thus. much may already be inferred from the .not yet numerous 
determinations of the brain weight, that for this species the greater 
exponent of relation between the sexes does certainly not hold. 

For the human species, on the contrary, the important internal 
dimorphism of the brain: "weight; which finds its‘ expression in "the 
exponent of relation of double the value for other species, corresponds to 
the striking external sexual dimorphism of the body weight; in ratio 
to the body weight man has a disproportionally greater amount of 
brain than woman. ! 

Of great consequence is’the fact that a javanese monkey species, 
the Budeng, Semnopithecus maurus F. Cuv. (incl. pyrrhus Horsf.), 
entirely agrees with the human species in this respect, as follows 
from the body weights and brain weights, according to determinations 
by Konnseuser !) of a number of male and female animals killed 
in the state of nature. I mentioned this conforınity in a few words 
already’ in 1913). This sexual dimorphism in the quantity of brain, 
of the same nature and to the same extent as for Man is 
most likely a general characteristie of the Monkeys, at least for 
those of the Old World, for they show universally eonsiderable 
sexual differences in size of the body and at the same time a cerlain 
sexual difference in .the requirements of the mode of life, which in 
Man are attended witb the dimorphbism of the quantity of the brain. 

From the values of P and, E determined by KoHLsrusse for the 
species mentioned, those which may serve for the calculation of an 


) J. H. F. KOHLBRUGGE, Mittheilungen über die Länge und Schwere einiger 
Organe bei Primaten. Zeitschrift für Morphologie und Anthropologie, Bd. nl. 
Stuttgart 1900, p. 54. 

3) These Proceedings, Vol. XVI, p. 659. 
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intersexual exponent, are fully recorded in Table I, so as also to 
show the individual values of the body weight and the brain weight 
by the side of the mean values. 


TABLE I. — Body weight and brain weight of Semnopithecus maurus F. Cuv. 
(Determinations in Java by J. H. F. KOHLBRUGGE) 


L———————————— ER WR 


6 adult 8 12 an 7 4 adult or 7 adult or 
A im | | dd au 
N°. nozzle to Balls No,  |nozzle to Dune a 
Paten ea) grams | grams 
18 66 16500 3 65 | 12500 - 81.7° 76 
13 68 10000 6 64 12000 a0" MD 
16 64 8750 | 29 = | 7500 PR 
14 67 8100 4.1064: | 6970 71 68 
17 64 71500 5 64 | 6900 66 
15 65 7000 | 32 64 6900 664 
| | 1 67 | 6800 57.5 
| 2 66 6500 | 
| 7 64 6240 
30 61.6100 
31 64 | 6000 | 
Bi 61} | 6100+ 
Av. 65.7 | 9642 | Av. 64 | 7542.5| Av. 77.93 | Av. 68.93 


I have omitted a single particularly low body weight, 3600 grams 
for a female specimen (KoHtsruser’s N’. 11), because I could not 
place a corresponding low body weight ofa male specimen over against 
it. The curves of variation are now for the two sexes, one-sided 
towards the same side, and may, therefore, be compared. On the 
other hand in this and in the following table another (unnumbered) 
female speeimen (f) has been inserted, which is not met with among 
Konuprtgge’s records, of which the latter had kindly furnished the 
data to me on the day of the determination (in 1897). Among the 
data also three determinations of brain weights have been inserted 
of almost adult individuals (in the. second period of teething), because 
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these brains may certainly be considered as having reached their 
full ponderal development. ‘) 
Now the following result is obtained: 


(log 77.93 — log 68.93) : (log 9642 — loy 7542.5) — 0.5006 


By comparison of the averages of the corresponding weights of 
the body and the brain individually, of three adult male with those 
of four adult female budengs, recorded in Table II, an exponent 
of relation 0.5248 is found. 


TABLE ll. — Body weight and brain weight of Semnopithecus maurus F. Cuv. 


(Grams) 
3 adult 4 adult 2 

P | E | P E 

No, 18 | 16500 18 No, 3 12500 16 
ee Peg 81 An; so | 515 

„1 7000 71 ET. 6900 68 

a" 6100 66 
Av. 10533 76.7 Av. 8117.5 66.9 

| 


It follows that for this monkey species between the sexes an 
entirely different law for the ratio of the brain weight to the body 
weight is valid than for the other discussed animal species, i.e. the 
same as holds for the human species. 

Evidently this deviation with respect to so many other animal 
species does not only rest on the diflerence of size between the 
sexes, for then it should be much more frequently found, among 
others also for the Ox and the Domestic Hen. This quantitative 
difference in body weight must be accompanied by some other 
difference, and this must necessarily be a qualitative difference, in 
contrast also with two homoneuric species, the body weights of 
which are only different as far as the quantity is concerned. 

As genuine secondary sexual characteristics of a qualitative nature 
the following are well-known. In all the races of Mankind woman 


1) J. H. F. KOHLBRUGGE, ].c.,*p. 48: “Bei Semnopithecus erreicht das Gehirn so 
frühzeitig sein Maximalgewicht dass es schon bei Säuglingen dem erwachsener 
Thiere ganz nahe steht’. 
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has a comparatively longer trnnk and shorter limbs, broader hips, 
narrower shoulders, internally a disproportionally more slenderly 
built skeleton, and less powerful museles, on the other hand a more 
fully developed layer of fat in the skin, which rounds off the forms. 
Thus equal quantities of weight do not mean the same thing in the 
two sexes. Especially the muscles constitute a smaller part of the 
body weight for woman, the smaller because the arms and legs, 
to which for both sexes the four fifth part of the entire muscle 
weight belongs (for man even slighily more), are also shorter for 
woman. 

With the smaller percentage of muscle weight of the female body 
must necessarily be in connection a disproportionally slighter quantity 
of the nervous system with regard to the body weight. The main 
point is, therefore, to examine whether the small quantity of brain 
in proportion to. the body weight for the human female sex, in 
comparison with other female Mammals, corresponds to the dis- 
proportionally slighter muscularity. 3 

Tbis appears to be actually tbe case; in proportion to the weight of 
the muscles the ratio of the brain weight between the two sexes of 
the human species is the same as between the two sexes of any 
other animal species and between individuals of the same sex. The 
sexual dimorphism of the brain weight of Man and certainly of 
many if notall’/the Monkeys exists only in relation to the body 
weight. For most animal species, whether or no they are externally 
sexually dimorphous, cerebral dimorphism is lacking, also in com- 
parison with the body weight, probably even for Pinnipeds, though 
of some species of this order the males are on an average three or 
four times heavier than the females. | 

The best data that we have at our disposal concerning the 
muscularity of the male and the female body, were furnished by 
Friepkich WILHELM Tueıne and HrRMANN WELCKER, published only 
after their deaths, of the latter by A. Branpr '), of the former by 
W. Hıs?). x 

Through his determinations of the weight of the, separate 
muscles of a considerable number of corpses of adult men 
and women and children, carried out with scrupulous accuracy, 
TazıLe has raised to himself a lasting memorial. For our purpose 

I) WELCKER—BRANDT, l.c., p. 38—40. 


2, F. W. THEILE, Gewichtsbestimmungen zur’ Entwickelung des Muskelsystems 
und des Skelettes beim Menschen. Nova Acta der Ksl. Leop.-Carol.-Deutsclien 
Akademie der Naturforscher. Band 46, N. 3, Halle 1834, p. 133— 471. | 
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it detracts somewhat from their value that mostly the body weights 
of the adult men and women were not determined. These weights 
are not wanting in the tables of WEr.cker. 

In Table III I have recorded all Wrıcknr’s data for so far as 
they refer to ihe muscle weight, except woman N’. 3. The deter- 
minations put together” by WEIcKER concern mostly men and 
women in good health, who have died a sudden death. Except 1.5 
and III.4, which have been borrowed from BıscHorr’s “Hirngewicht 
des Menschen”, they were carried out by him-and other investigators, 


TABLE Ill. — Body weight and muscle weight of 10 men and 3 women. 
(Borrowed from Tables I to III, p. 38 to 40, in WELCKER-BRANDT, 
Gewichtswerthe der Körperorgane bei dem Menschen und den Thieren) 


| Finn 
Age, Heightiin 25 53.55 | Relative weight of the 
N®, , O3. = an=E.ıo 
| in yası cm. 22% 3.%% | muscles in %, of P 
N ä °.|=%._ 
TE 2.8 
| | 
Men a 157 | 46870 | 21451 45.77 
probably 
28 under 50 165 5314 | 25156 | 46.83 
| 
„3 «26 184 61267. | 26563 | 43.35 
nf 50 176 65050 | 28017 | 43.07 
= 33 168 69668 | 29102 | 41.77 
11. 1 36 163 | 50500 | 18484 | 36.60 
| | P relatively high 
2 ara nr. 54000 | 16625 | 30.79 FT aransy 
a a 56330 | 23467 | 41.66 
„4 | —.) 1m. | ısoo. |’ 255% | 41.62 
WAR, 172 | 65250 | 30574 46.86 
ER = 168.8 583415 | 24503 | 41.95 
Women | IL. 1 61 153 44000 | 14776 | 33.58 
36 55 160 47000 | 15625 | 33.24 
„4) 22 159 55400 | 19846 | 35.82 
Averages _ 157.3 , 44800 16749 34.32 


ı) Woman N”. 3 has been omitted here: “Diese Bestimmungen” (namely one 
- more of a newly born child) “falls sie sich überhaupt auf normale Körper beziehen, 
schliessen erhebliche .Fehler in sich”. (loc. cit, p. 14). 
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and they were either not made known elsewhere or in -places 
that are no longer accessible. | 

In this table the body weights are mostly small for the body 
heights, which will probably be owing to the fact that most examined 
men and women did not possess a normal weight at the time of 
their death. According to this and the following table the relative 
weight of the museles in each sex is, however, barring exceptions, 
a little variable property, even in more advanced age. Nothing else 
is, indeed,. to be expected from so prominent. a system. of. organs 
as that of the muscles, which as regards quantity, participates for 
about a third of the weight in the composition of the body, and 
the development of which is in close connection with that of other 
important parts of the bulk of the body, as the skeleton and 
many others. 

The sexual difference: in. the relative. weight of the muscles assu- 
mes the greater importanee in -eonsequence of.their preponderant 
influence on the bulk of tlıe body. This difference is very conside- 
rable. In ratio to the same body weight men are no less than over 
22°/, more muscular than women according io the äverages in 
Table III. | 

It is very much to be:regretted that:in TreıtE’s. for :the rest very 
careful determinations of weight of the. muscles, from which Icom- 
posed Table IV, the body weight could be stated in but a single 
case. Turıue himself calculates the average relative muscle weights 
by simply assuming, according to-the general values given by QUETELET, 
the average body weight:to be.68 kilograms for his 8 vigorous men, 
suicides or having died. of an acute illness, and the average body 
weight to be 54 kilograms for his 4 vigorous women, who had died 
of an acute illness; he then finds (p. 223): “Die Gesamtmuskulatur 
des erwachsenen kräftigen Weibes scheint also durchschnittlich noch 
nicht ein Drittel des Körpergewichts zu erreichen, während sie beim 
erwachsenen kräftigen Manne durchschnittlich mehr als ein Drittel 
des Körpergewichts beträgt”. It appears possible to approximate {he 
real weights still somewhat more closely by taking into consideration 
the individual :heights and’ what is further noted: about every indivi- 
dual, for the estimation ‚of the weights.. The number. of the deter- 
minations serviceable for my purpose is then confined to 4 men 
and 4 women. ThxıLe’s: man N’ 8: has not been inserted in Table IV 
on account of his, in comparison with the other men and women 
high age of 54 years. Estimating his weight, with a height of 160.2 
em., at 57 kilograms, he is found to have a relative musele weight 
of 38 °/ u % Tas 
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As appears from the average heights the men are below the 
average computed from very large numbers, the women above the 
large-number average. Beyond doubt Turıze thus overrated the body 
weight of the former, but on the other hand underrated that of the 
_ women; in his time there were not yet so many data about the 
eorrespondence of body weight and height available in the literature 
as there are at present. 

In Table IV the average relative muscle weight of the women 
has been calculated somewhat too low, as in two cases the total 
muscle weight was put as double that of the /efthand side, without 
TABLE IV. — Body weight and weight of the muscles of 4 men and 4 women 


(According to determinations by F. W. THEILE. The body weights, 
except of N, 3, estimated by me) 


| 
| | _Ü@ | Muscle weight, M,ingrams |® „a, 
Age | Height, 25 ne Zen 
ae; =) Er 
. = nm _o 
in years | incm. | m 8. | Right | Left | Total EERS 
1 24 167.2 | 62000 | 12033.8 | 11866.5 | 23900.3 | 38.55 
2 24 a 26 167.2 | 66000 | 12825.4 | 12735.0 | 25560.4 | 38.73 
| | | “mit ‚strotzend 
3 26 165.1 | 64000 | 14608.0 | 14308.2 | 28916.2 | 45.10 |) ne Messner 
{' determined 
5 35 162.4 59000 | 10718.0 | estimated | 21300.0 | 36.10 
Averages _ 165.5 62750 | 12546.3 | 12372.9 | 24919.2 | 39.64 
13 22 162.4 62000 _ 9261.6 | calculated | 29.88 extraordinarily 
as ztou 
14 22 148.9 50000 — 71388.1 [double tne|l 29.55 | vigorous body 
x determined FERN N £ 
15 35 | 161.1 | 5000| —. | sous |" ar | 28.72 |mässigentwigkel 
“ of the « ” 
16 4 | 163.3 | 62000 | 950.3| — Hedy 1180.80 Br 
Averages E= 158.9 57500 _ —- -_ 29.74 


being balanced by other cases, in which the righthand side was 
doubled. When on account of this the relative muscle weight is 
put at 30 °/,, this will, indeed, be very near the real average of the 
examined women, if their body weights have been correctly estima- 
ted. The average relative muscle weight of the men must, on the 
other hand, be considered as slightly too high, one of the men being 
extraordinarily museular. On account of this the average relative weight 
of the museles of the men, for so far as it is possible to approximale 
it in such an estimation of the body weights, may be put at 38 °/,, 
56 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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which ‘per unity «of body weight is almost 27 °/, more than that 
of the women. 

Apart from a few exceptions the relative weights of the museles 
according to the data of Tarıne are lower than those according to the data 
of Weuckur. This is partly owing to the eircumstance that the body 
weights given by Wercker are in general low for the body heights, 
but probably to a greater extent to another eircumstance. W ELCKER’S 
muscle weights, with the exception of Il.1 and 11.5, were, namely, 
determined indirectly, with a certain necessary additional weight on 
account of the loss of the weights of the other organs, wbich have 
been subtracted from the body weight; TurıLe, on the other hand 
determined directly the singular muscle weights, in which laborious 
manipulations some: loss of weight, at least tırough evaporation, is 
inevitable. 

These deviations, however, applying equally to both sexes, the 
ratio between them is certainly .but little changed by this difference 
of the methods. Weıcker’s man 111.5 must have been an exception- 
ally powerful individual, indeed, just as Tnkıre’s N°. 3, but the 
high value of HI.5 is balanced by the low values of Il. 1 and ll. 2. 

Hence. Man is twenty-two per cent according to one, twenty-seven 
‚per cent, according. to the other series of determinations per unity 
of body weight more muscular than Woman. That these results, 
even apart from the uncertainty of the estimations in question, 
‚founded. as they. are on a small number of observations, may still 
depart somewhat from the general average, notwithstanding the 
prevailing constancy of the relative muscle weight within each sex, 
needs no further demonstration. ’ 

Nor has perfect certainty been attained as regards the average 
body weights of European men and women. But when with 


...LAPıcqQuUE the averages are put at: 66 and 54 kilograms, it is found 


that these values are precisely in the same ratio to each other as‘ 
the average relative muscle weigbts according. to Takıuer’s determi- 

Id, 

34.3) 19. 1,23383: 

If then the male body per unity of weight, has 22°/, more muscle 
weight than the female body, the weight of the former is, besides 
absolutely greater than the latter in the same ratio, 

In his excellent handbook on anthropology‘) RupoLr MarTıN 
assumes as the average weight of European woman 52 kilograms, 


66. 
nations. In fact 54 is = 1,2222 and 


!) R. Marrın, Lehrbuch der Anthropologie in systematischer Darstellung. Jena 
1914, p. 237. 
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and of European man 65 kilograms, i.e. 25°/, more. This ratio comes 
nearer that of the average relative muscle weighis, computed from 
the data of Tumın. 

Hence it may safely be assumed that for the human species, the 
male body has higher relative weight of the museles than the female 
body in the same geometrical ratio as the former has already more 
weight than the latter. In other words: Between Woman and Man 
the absolute weight of the muscles varies in rate of the square of 
the body weight. 

This now accounts for the fact that between Woman and Man 
the brain weight, in function of the body weight, increases proopor- 
tionally with the square of the increase of the brain weight, in 
function of the body weight, between tlıe two sexes of most other 
species, namely, proportionally to /°056 between Woman and Man, 
and proportionally to 728 between the two sexes of most animal 
Species. 

When the exponent of relation of the brain weight between Woman 
and Man is really not caleulated with respect to the average body 
weight, but with respect to the absolute average muscle weight, it 
is found to be equal to the exponent of relation of the brain weight 
in function of the body weight, between individuals of identical 
Species, viz. about 0.28, instead of 0.56. 

There are only few direct data about the ratio of the muscle 
‚weights between individuals of one sex of identical species, between 
the two sexes and between different homoneurie species at our 
disposal. From Wercker’s and Tuxınr’s determinations of the muscle 
weights for the human species it is already clear that these weights, 
between individuals of identical sex, vary proportionally to the 
body weight. 

We find the same proportionality in other species of Vertebrates. 
‘Of two almost adult dachshunds from the same litter, examined by 
"Fauck*), the somewhat older and heavier female had slightly higher 
relative muscle weight (which rapidly incereases with the age in both 
sexes) than the male. Though the full-grown male of the albino rat 
(Mus norvegicus Erxl.) weighs on an average about 300 grams as 
against the female about 200 grams, they are equally muscular, 
Judging from Jackson and LowrkyY’s determinations?) on not yet 
full-grown animals. Comparing six males of 150 days, with an 


)'C. Pu. Fauck, Beiträge zur Kenntniss der Wachsthumsgeschichte des Thier- 
körpers. Archiv für pathologische Anatomie und Physiologie (ViIrcHow), Band VIl. 
Berlin 1854, 'd. 37 - 75. 

») H. H. DowaLoson, The Rat. Philadelphia 1915, p- 76. 

56* 
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average weight of 218.7 grams, of which 93.38 grams of muscle 
weight, witlı seven females of the same age, with an average weight 


of 154.8 grams and a muscle weight of 65.94 grams, we find a 


relative weight of the muscles of 42.7 °/, for the males and 42.6°/, 
for the females. For four male albino rats (Mus norvegicus Erzl.), 
of 365 days, weighing on an average 260.2 grams, the mean relative 
weicht of the museles was 46.5°/, and two female albino rats, 
weighing on an average 183.5 grams, had a mean relative muscle 
weight of 43.3 °/,. Caleulated with the absolute muscle weights 761.8 
and 517.1 grams') given by Wecker there was equality of relative 
musele weight (viz. 52.7 and 52.5 °/,) between the cock of 1445.7 
grams and the hen of 985.1 grams of body weight. For the above 


- 
£ 


! 


mentioned almost full-grown Leghorn cock I found 213.9 grams or ” 


11.9°/, of the body weight for the joint weight of the three left- 
hand and the three righthand pectoral muscles; for the fullgrown 
hen 174.6 grams or 14.6 °/, of the body weight! In about the same 
geometrical ratio the muscles of the shank of the hen exceeded those 


of the cock. Evidently the cock was less muscular, because it was 


not quite full-grown. When the body weight of the cock is calculated 


with equal relative muscle weight as the hen, the exponent of rela- 


tion becomes 0.2984. An adult male and an adult female lizard 


(Lacerta agilis L.) according to WELCcKER ?) have almost the same | 
relative muscle weight; so have a male and a female Spotted Land- 


salamander (Salamandra maculosa Laur.) according to his data. 
But such a proportionality of body weight and muscle weight, 
between individuals of identical species and equal sex, as well as 


between the two sexes, may certainly be assumed, if this proportion- 


ality also exists between different homoneurie species. 

Very valuable data about this matter are furnished by A. Macnan °). 
From the values which he gives for the average relative weights of 
the musculus coraco-brachialis (which muscle raises the wing) in 


different orders of Birds, taken in general (p. 126), proportionality 
with the body weight already appears. But it seems to me to beof- 


importance to examine this within every order and also for the 


) WELCKER—BRANDT, loc. eit., p. 58..— FaLck’s muscle weight corrected by | 


WELCKER. Among these muscle weights for the cock and the hen also a certain 
part of the skeleton is included. 

1,.L6c.ieilın P-DD: 

3) A. Macnan, Relation chez les Oiseaux entre le poids de leurs musclies 
pectoraux et leur maniere de voler. Bulletin du Museum national d’Histoire naturelle. 


Annee 1918, N'. 1, Paris 1913, p..40--52. Les muscles releveurs de Paile chez. 


les Oiseaux. Ibid., N°. 2, p. 126—128. 
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Musculus pectoralis major, which is from 5 to 10 times more bulky 
than the coraco-brachialis. By pressing the wing down, this powerful 
muscle acts more directly.in the locomotion, and is quantitatively 
very differently developed in the different orders according to their 
mode of flying, most so for the Gallinae and the Columbidae, which 
fly rowing (vol rame), least for the Birds of Prey and the Owls, 
‚which mostly fly floatingly (vol plane), little too for the Marine 
Palmipeds, which sail through the air in their flight (vol A voile). 
‚In connection with this the area of the wing and the volume (or 
weight) of the prineipal muscle active in flying, the musculus pecto- 
ralis major are in reversed ratio to each other. To mention only the 
-extremes, the Birds of Prey have on an average double the wing 
surface of the Gallinae, and their musculus pectoralis major has only 
half the weight. For our purpose it is, however, necessary to know 
whether also under for the rest equal eircumstances, the weight of 
the latter muscle is proportional to the body weight. If this appears 
to be actually the case, we may safely conelude that it holds for 
the wliole of the muscles and for other Vertebrates too. Hence we 
- should only compare Birds of the same order, which also resemble 
each other as much as possible in form and mode of flying, because 
on account of the presence of two counteraeting factors, area of 
the wing and development of the muscle, deviations of the former, 
also within a same order, immediately assume great importance for 
"the latter. From Maenan’s determinations I have chosen 10 pairs, 
formed from 20 species of Birds, each pair consisting of two species 
which, though different in size, resemble each other as closely as 
possible, as regards form of the body and flight, and caleulated the 
relative body weight (?), the relative weight of the museulus pecto- 
ralis major (Mp), the relative surface of the body (S, as 7”/,), and 
the relative area of the wing (A)'), and for (mostly other individu- 
als of) the same species also the relative weight of the musculus 
- coraco-brachialis (Me). 
When :specifie and individual deviations are disregarded, there 
thus appears to exist a simple proportionality of the weight of the 
“ museles with the weight of the body. In the average values found 
the weight of both muscles is slightly more than proportional to 
_ the body weight; but most probably this is chiefly to be attributed to 
the eireumstance that also the area of the wings becomes on an average 
_ somewhat larger in proportion to the surface of the body; which 
1) A. Macnan, Variations de la ‚surface alaire chez les Oiseaux, I.c, Annee 
1913, N°. 2, p. 119-188. 
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TABLE V. — Relative weights of the body (P), the musculus Pe 
(Mp) and the musculus coracobrachialis (Me), and relative sur es {6) 
the body (S) and the area of the wings (A) in 10 pairs, formed from 
20 species of Birds. (Calculated from the determinationsof A. MAGNnAn) 


I. Buzzard (Buteo vulgaris Leach) — 14.115 4.812 2.812 3.235|5.862 4.5 
Kestrel (Tinnunculus alaudarius Gm.) ) ER 

2. Black-backed Gull (Larus marinus L.) — / 8.025. 9.115 4.008 |3.158| 7.285 | 8.7 
Black-headed Gull (Larus ridibundus L.) ) | | 

3. Silvery Gull (Larus argentatus Brunn.) — ! 6.566 6.471 3.506 3.470 | 6.860 | 6.7 
Tern (Sterna hirundo L.) - ) | | 

en or ET 13.140. 3.434 2.144 2.332|3.102 3.0 
Jay (Garrulus glandularius L.) ) | = 

5. Blackbird (Turdus merula L.) — !4.117.4.143 2.569 2.583] 4.601 4.0 
Hedge Sparrow (Accentor modularis L.) ) | | 

6. Brant Goose (Bernicla branta Briss.) — 2.246 2.196 1.715 | 2.258|2.246 1.7 
White-eyed Poachard (Fuligula nyroca Guld.) ) 

ner 7 mn 13.174 2.555 |2.160 2.025|3.041 2.2 
Winter Teal (Querquedula crecca L.) ) | @ 

8. Golden Plover (Charadrius pluvialis L.) — ! | .443 2.329 2.470|13.554 4.8 
Ringed Sand-plover (Charadrius hiaticula L.) wie zZ | 


9. Russet Godwit (Limosa Baueri Naum.) — 
Marsh Green-shank (Totanus stagnatilis Bechst.) 


10. Rock Pigeon (Columba livia Briss.) — 
Turtle Dove (Turtur auritus Ray) 


(3.694 3.590 12.390 2.342|3.694 4.6 


13.592 4.126 2.346 2.570 3.649 3.6 
| 


Averages | 4.2823 4.4885 2.5979 2.6443 4.3894.4.4: 
| 


seems also required to keep the body, which becomes disproportio- 
nally heavier with regard to its surface, floating. 

Thus through this research the necessary certainty has been ob- 
tained that between homoneuric species, under for the rest equal 
circumstances, the weight of the muscles varies proportionally with 
the body weight. If this holds between large and small homo- 
neurie species, it may be assumed a fortiori that the individuals 
of a same species and of equal, generally also of different sexes, 
certainly possess no greater relative muscle weight than the smaller 
individuals, because between them the brain weight, in function of 
the body weight, varies much less than between homoneurie species. 

For man, however, in comparison with woman, the absolute 
average weiglhts of the museles increase as the square of tbeir average 
body weights. Together with this also the brain weight, in function 
of.the body weight, as the square of the increase of the brain weight, 
in function of the body weight, between individuals of identical 
species, mostly even of different sexes. For man, compared with 
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woman, therefore, as 9283 x P028 or P05s, just as between homo- 
neurie species. 

In function of the muscle weight, however, the brain weight in 
every species — also in the human species — between individuals 
of equal and of different sexes, varies proportionally to 10:8, 

This is different between homoneuric species. For them the brain 
weight varies both proportionally to M95% and to P%56, in propor- 
tion to the weight or volume of the museles the brain weight increases, 
therefore, more than within a species. 

Here an important difference in the relation between homoneuric 
species and between the two sexes — also in the human species -— 
becomes apparent, with which without doubt differences in the 
- anatomical and physiological relation of the nervous system and the 
muscular system are connected. 

In fact it has already long been known that the muscle fibers of 
man are on an average considerably thicker than those of woman. 
Bowman !') found (already in 1840) that the mean diameter for 
man is about a fourth larger, corresponding to a ratio of the area 
of the sections of 1.664. SchwAaLse and Maykpa’) lay great stress 
on the “bedeutenden Einfluss”, which the sex has on the tbiekness 
of homologous muscle fibers. “Ganz algemein liegen in den 
hier verwerthbaren Messungen die Kaliber-Maxima im weiblichen 
Muskel tiefer als im männlichen” (p. 502). The same sexual differ- 
ence holds for the average calibers of the comparable measurements, 
represented in Table VI. So also for the relative widths and maxima 
of the “curves of variation”, from which appears perfect uniformity 
of these mean curves (for the width as well as for the maxima the 
ratio is 1.653); which in connection with the functional relation 
between the nerve and the muscle found by Krırn Lucas, Mies, 
and by Laricgue in their researches, is of great importance. ?) 

The average area of section of the fibers of these three museles 


ı) W. Bowman, On the Minute Structure and Movements of Voluntary Muscle. 
Philosophical Transactions of the Royal Society of London for the year 1840. 
Part II, London 1840, p. 461. 

2) G. SchwALBE und R. MayvEpA, Ueber die Kaliberverhältnisse der querge- 
streiften Muskelfasern des Menschen. Zeitschrift für Biologie (Künne und Vorr). 
Band 27, München und Leipzig 1890, p. 482—516. 

3) K. Lucas, in Journal of Physiology. Cambridge 1905, p. 125; 1909, p. 113. — 
G. R. Mınes, Ibid. 1913, p. 1. — L. Larıcqus, in Comptes rendus de la Societe 
de Biologie. Paris 1913, p. 35. — The fibers of a skeleton muscle can, namely, 
each of them separately get into contraction. Without doubt this must be in con- 
nection both with the thiekness of the muscle fibers and with the thickness ofthe 


nerve fibers. 
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TABLE VI. -— Diameter of the muscle fibers. (From measurements by G. SCHWALBE 
and R. MAYEDA) 


m — EEE 
Relative widthand maxi- 
mum of the curves of 


Mean diameter 


(in micra) variation 
i Mas eu Woman Man Woman 
Te 
Biceps brachii 51.7 39.5 14 20 1277 
Sartorius 51.8 36.2 18 24 135217; 
Gastrocnemius 3.5 | 45 22 28 11 22 
Averages 53.7 4.1 18.24... 1, SA 


is 1.708 times larger for man than for woman; of both sexes 
«kräftige Leichen” were compared. In the “muskelkräftige” men 
and women of Tusızz the homonymous muscles had the weights 
indicated in Table VII. 


TABLE VII. — Muscle weights (in grams). (From determinations by F. W. THEILE) 


Four men Four women 


m0. Kr) 2) | 30 | %r) |Mean Int. 13(r) 140) | 15(2) | 16(r) | Mean 


Biceps brachii |179.2|152.9 181.7 196.3 177.5| 96.9 72.1. 77.8|104.0. 87.7 


| 


Sartorius 143.5 211.8 | 201.0 207.5 191.0| 110.6 | 73.9 102.5 100.6. 96.9 
Gastrocnemius | 346.0 291.4 449.2 460.7 386.8| 259.1 1223.7 238.6 | 252.2 243.4 


Averages 222.9 218.7|271.3|288.2 | 251.8] 155.5 123.2 1139.6 | 152.3 142.7 


| 
ı 


The average weight of the three museles is 1.765 times greater for 
the men than for the women. When it is assumed that in proportion 
to the greater bodily lengths, the muscles were on an average 1.069 
times longer for the men !), we find the area of section on an average 
1.651 times larger than for the women. This latter value comes very 
near the value 1.708 found for the increase of the average area of 


') Of the man N®. 5 the gastrocnemius had not been weighed separately. Ichose 
for this N°. 7, “Mann von mehr als mittlerer Grösse”, for whose height I 
assumed 175 cm. The average height of these four men then beeomes 168.6 cm.: 
the average ‘height of the four women is 158.9 cm. The ratio of the lengths os 


the limbs of these men to those of these women may thı 
170; 159 —; 1.069. y us be put at about 


ne en 


- 
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section of the muscle fibers. As with the length of the musele in 
general also varies the length of its fibers'), and accordingly the 
average number of them ‚remains the same, it may be assumed that 
the average number of the muscle fibers of man is the same 
as that of woman. This is then also valid for the number of the 
motor nerve fibers, and also ‚of- all other nerve fibers and of the 
neurones. * 

Thus the ratio of the brain weights can only be determined by 
the length and the area of section of the nerve fibers, or one of 
them (not by the number). The volume of the cell-bodies is minute 
in comparison with that of the other components of the neurones. 
Now the brain weights are to each other in the same ratio as the 
length of the nerve fibers, fronı which follows that the area of 
section of the nerve fibers remains the same, just as between indi- 
viduals of equal sex of a species. Between homoneuric species, on 
the other hand, the area of section of the nerve tibers varies 
proportionally to P%, 

Hence there is no difference in the sexes as regards the physio- 
logical relation between the muscular system and the nervous system. 
For the human species, however, and certainly also for many, if 
not for all Monkeys, the male sex does agree with the males of 
other species, but the female sex does not, as far as relation between 
these two systems of organs and the bulk of the body is concerned. 
Dynamically, woman, in as much as she has to move a dispropor- 
tionally greater body weight for her strength, is inferior to man. 
The ratio of the body weights is regulated here so, as woman pos- 
sesses disproportionally less muscle, that the dynamic disadvantage 
of the large individuals as against the small ones, is cancelled for 
man as against woman, which requires squaring of the common 
ratio of the brain weight and the muscle weight to the body weight. 

Thus it is not only, for the human ‚species, but also for other 
Primates. The peculiarity existing here: slighter mobility of woman, 
and on the other hand great mobility of man «an only be accounted 
for by the very special and contrary mechanie requirements which, 
in this order, maternal care imposes on one, and family life on the 
other sex. It is needless to point out the significance which this has 
also in a sociologieal respect, ‚and to demonstrate the impossibility 
that we shall ever be justified in saying: “nous avons change tout 


cela’. 


1) C£.: R. MavEnA, Ueber die Kaliberverhältnisse der quergestreiften Muskel- 
- fasern. Zeitschrift für Biologie (Kühne und Voıt), Band 27. (1890), p. 142 and 146. 


Astronomy. — “The Distribution of the Absolute Magnitudes among 
the Stars in and about the Milky Way”. (Second Communi- 
cation). By Dr. W. J. A. Scuovren. (Communicated by Prof. 
J. C. KAPTeyn). 


(Communicated in the meeting of November 30, 1918). 


In a former communication we have communicated the results of 
a research in which we determined according to Karrzrn’s method the 
mean luminosity curve for tbe whole sky and the corresponding 
curves for zones of different galactie latitude. We intend to communicate 
in this essay the results that were found by treating the same data 
according a method first proposed and used by SCHWARZSCHILD. 


1. SchwarzschiLp’s method and his results. 


SCHWARZSCHILD starts from the integral formulae that were first 
framed by SEBLIGER. SEELIGER made use of the total number of stars 
from the brightest star to those of determined magnitude. SCHWARZ- 
SCHILD, however, uses the number of stars of each magnitude. This 
is already a great simplification. Besides his work is characterized 
by a severe mathematical treatment. His merit consists chiefly in 
giving an elegant general solution that is applicable to all funda- 
mental problems of statistical astronomy '). 

Let Nıdh be the number of stars with an apparent brightness 
between h and A dh and x, their mean parallax, then — if we 
indicate the density once more by D(r) and the frequeney curve of 
the absolute magnitudes by gli) — the following relations are true: 


N, = 4n | D(r) p (hr?) r* dr 


0 


BE 


and Nm=4a [Dig m) ar eu, Fee 
{) 


!) His articles have appeared in Astron. Nachr. Nos. 4422, 4557 and 4740. 
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In Astron. Nachr. N°. 4422 the following problems were discussed: 
@. Let N) and fi) be given. It is required to determine D(r) 
by solving the integral equation (1). 
b. Let N, and , be given. It is required to determine both D(r) 
and y(t) by solving simultaneously the integral equations (1) and (2): 
The integral equations have ..been solved by SCHWARZSCHILD by 
means of the known properties of Fourıkr eoeffieients ;® 
It is clear that we can find the velocity law inan analogous way. 
If it is required to determine simultaneously the density law, the 
luminosity law and the velocity law this can be done in the fol- 
lowing ways: 
Ist From Ay, N sandıer), 
ande), an Namur, 
grd ENTE Bir hang 


4th N Fe De 1 777 


In case we suppose that there is no eonnection between lumino- 
sity and velocity, N„,. and m. would be suffieient data from which 
to determine the three functions we seek. 

Practically we have to reckon with the aceuracy with which the 
required data can be deduced from the observations. Theoretically 
we can find Dr), 4@) and y(V) in each of the cases mentioned 
by resolving the integral equations in accordance with SCHWARZ- 
SCHII,D’s method. 

Serious objeetions, however, may be raised against the use of 
such integral formulae. If Nn, m, ete. were known to us as conti- 
nuous analytical functions of the variables SchwarzscHILD’s method 
would be very well adapted to the determining of the required 
funetions from tliese data. As a rule, however, we only know the 
values of N, and =, for whole numbers of m. l£now we represent 
these numbers by a formula, these relations, indeed, adapt them- 
selves to interpolation. If, however, the relations have no theoretical 
foundations and the parameters no physical signification, we cannot 
attach any other value to them than that of interpolation formulae 
There is always the risk, then, that by using these relations, we 
keep properties of the original data hidden from view. 

A second objeetion is that empirical relations are extrapolated out 
of the interval within which observations are available. If a function 
in a determined interval represents the observations with sufficient 
accuracy, it need not for that reason be of force outside the interval. 
And partieularly with the integral method it can be determined 


1) Vide also Enpıneron, ‚Stellar Movements, Chapter X. 
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only with great diffieulty, how far the results are based on extra- 
polation '). Br 

Another drawback of the method is that we cannot inquire Into 
the dependence of y(i) or w(V) on r. Moreover we are obliged 
to assume that there is no such thing as absorption of the light 
in space. 

In Schwarzschinp’s application of his method it was not investi- 
gated, how the density varies with the galactic latitude. This is, 
however, possible, if we have sufficient data at our disposal. 

Several objeetions that may be raised against SCHWARZSCHILD’S 
method do not exist with respect to Kapreyn’s method, with which 
we dealt in a former communication. 

Yet we have also derived from our data of observation the 
frequeney curve of absolute magnitudes in SCHWARZSCHILD’s manner. 
None of the methods proposed till now is entirely unassailable. 
By applying methods based on different hypotheses we can judge 
of the correetness of the suppositions that have been made and find 
more reliable resuits. 

A great advantage of SCHwArzscHILD’s method is that it distinetly 
represents the connection of the different quantities and enables us 
to judge, whether the values found for the unknown quantities 
correspond to each other and form a consistent system. 

In -Astron. Nachr. N°. 4422 SchwarzscHhisD has solved the two 
problems above mentioned and has also given numerical results of 
tbe unknown. quantities. Use was made of the luminosity eurve, 
derived by Kaprtern in Astron. Journal N’. 566 and of the numbers 
N, published by him in Publ. Groningen N’. 18. For log. N, 
SCHWARZSCHILD found: - 

log. N = 0.596 + 0.5612 m — 0.0055 m? . . . . (8) 

From these data the density was derived and the mean parallaxes ,,. 

In his second article ScHwarzschHILD investigated in which way 
the chief .stellar statistical quantities depend on the three principal 
laws and gave formulae to caleulate the different quantities. An 
exact application of the method requires, when we use the general 
form of the functions, a very comprehensive arithmetical labour. 
This is only advisable if a very large amount of data of observation 
are at our disposal. Therefore suppositions were made about the 
form of the unknown functions. 


!) How one may obtain strange results by such unallowed extrapolation is seen 
for instance, when CHaruier (Meddelanden Observ. Lund, Serie 1, NW BEP: 21) 
derives from the formula of Karreyn and SCHWARZSCHILD, which is cited in this 
communication by (3), that the numbers N, increase up tm=5l. 
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SCHWARZSCHILD sUPposes: 


D(r) = 100 P—age? (e = — 5.0 log. r) 
vl) —= 10% M—b,)1? (M = — 2.5 log. i) 
Y(W)= 100-4 6-4 @® (G = — 5.0 log. V) 


In contradistinetion to the assumptions of SerLıGER about the form 
of the density law and the Juminosity law these suppositions are 
not without any foundation. The form for p(i) has been found 
empirically by Kapreyn and the form of the density function has 
been derived in Astron. Nachr. N’. 4422 by means of the numbers 
of stars of determined magnitude that have been counted. The form 
of the function w(V) “ist zunächst rein formal der Bequemlichkeit 
der Rechnung wegen eingeführt”. Besides the formula (3) mentioned 
above SCHWARZSCHILD deduced from the observations: 


log. m = — 1.108 — 0.125 m 
log. mu = — 0.766 — R,m — 0.1248 0 
in which 9 has been assumed to be = - 5.0 log. u. 


From these data the three prineipal laws and various other 
quantities, including the coefficient R,, were derived. 

According to SCHWARZSCHITD the distribution of luminosities found 
by him may also be formulated in this manner, that the absolute 
magnitudes are spread around the average value 11”.5 (in Schwarz- 
ScHN,D’s notation ') with a mean error of 3”.8 according to the law 
of errors. This is incorrect. From the data used by him it is easily 
found with the aid of the table of coefficients in Astron. Nachr. 
N’. 4557, that the mean M of his lIuminosity eurve is 25”.1, there- 
fore in Karrern’s notation 30”.1. 

The frequency curve found by ScHwarzschILD differs considerably 
from the distribution of luminosities determined by Kartkrx in Publ. 
Groningen N°. 11. This difference is puzzling as both investigators 
made use of the same data. 

We have failed in finding a conclusive explanation for this bad 
agreement. One might think, that a correlation between the absolute 
magnitude and the velocity of the stars exerted its influence. Of late 
several investigators have indeed drawn the attention to some indica- 
tions of a relation between luminosity and velocity.”). But yet one 
1) Scuwarzsenin makes use of the distance corresponding with r=1’asa 
unity of distance. Then M=m+5log.r, so that the relation Mkartern = 


— MscnwarzscHıLp + 5 holds good. 

2) Vide e.g. Enpıserron, Observatory Vol. 38, p. 392, seq. Perhaps this question 
may also be solved by the investigation now in course of preparation at the 
Astronomical Laboratory at Groningen and on which we already drew ne attention 


. in our former communication. 
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may certainly not assume, that such a relation would be of so far- 
reaching importance and would have so great an influence ki the 
result in applying SchwarzschiLp’s method. Moreover, treating the 
data of observation available to us according to this method we found 
the same luminosity eurve we had found according to Kaprtern’s method. 

As there is no agreement, it seems lo us, that Kaptern’s result 
should be trusted most. His method is, indeed, to be preferred to 
SCHWARZSCHILD’s and this chiefly for the following reasons: 

1s. Kapreın does not suppose definite forms for the functions 
that are to be determined; 

Jud, with Karteyn’s method it is possible to examine, if the fre- 
queney funetion of absolute magnitudes is the same at all distances 
from the sun; 

3:4. if Kapreyn’s method is applied, it may be seen at once how 
far the vesults are based on observations and where extrapolation 
comes in; 

4th, Kapreyn’s method need not be altered if it should appear 
that veloeity is a function of luminosity, while SCHWARZSCHILD’S 
formulae must undergo considerable modifications, and 

5'h. SCHWARZSCHILD’s results depend to a high degree on the values 
of some quantities (e.g. the coefficient «,) which can only with diffi- 
eulty be derived with sufficient exactness from observations. 

Yet Schwarzschinp’s method and Karrayn’s if they are applied 
prudently to the same data, should give the same results. The 
difference found is probably to be attributed to the fifth objection 
that we raised against SCHWARZSCHILD’s method. | 

The interpolation-formulae we deduced from our data for N„and 
the formulae used by us for a, and T,„ are to be trusted more 
than SCHWARZSCHILD’S, because they are based on more complete 
and more minute data. Therefore less danger is to be apprehended 
from the objection ınentioned for our determination. So it may 
perhaps be explained that ScHWarzscHILD found a divergent result, 
as we attained the same results according to the different methods. 


2. The results. of our investigation. 


We have applied SchwarschiLp’s method to the same data of 
observation that we have also treated, as we have communicated 
in a former article, according to Karrrrn’s method. 

The data we want are: 

1. the numbers of stars of determined magnitude \„, 

2 the mean parallaxes of stars of determined magnitude in 

3. two coeffiecients of the formula for Tui i 
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‘We have established the mean luminosity law 'and also the mean 
density and veloeity laws for the whole sky and moreover we have 
determined these principal-Jaws for the 5 galactic zones separately. 

The numbers N,, were derived from Table V of Publ. (Froningen 
N°. 27. It was necessary to represent the numbers found by inter- 
polation-formulae. For these thexfollowing formulae were found: 


Whole sky log: Nm = — 4.2395 + 0.63812 m — 0.011677 m? 
Zone | —= — 4.1848 + 0.65736 — 0.011243 
II — — 4.1841 + 0.63322 — 0.011463 
II —= — 4.6159 + 0.71857  — 0.017257 
IV — — 4.4638 + 0.678931 2 — 0.016289 
V = — 4.5120 + 0.69565 — 0.017976 


The mean parallaxes r,„, as we have already communicated, have 
been lent to us for our investigation with great kindness by Prof. 
Karpreyn and Dr. Van Ruin. These may be represented as follows: 


Whole sky log. an = 8.943 — 0.142 m 


Zone | — 8.883 — 0.142 
11 — 8.904 — 0.142 m 

II — 8.957 — 0.142 m 

IV — 9.024 — 0.142 m 

V — 9.066 — 0.142 m 


We have deduced the mean parallaxes „,. from those which 
Karreyn published in Publ. Groningen N’. 8, by making the constant 
a in the formula 

Ami = auben—B.0 
in agreement with the values of =, just mentioned. Then we find 
the following formulae: 


Whole sky log. #,..= —:0:117 — 0.062 m — 0.142 9 
Zone I — —0.777 — 0.062 m — 0.142 9 
Zone Il = — 0.756 -— 0.062 m — 0.142 g 
Zone 11l = —0.703 — 0.062.m — 0.142 9 
Zone IV — —0.636 — 0.062 m — 0.142 9 
Zone V = — 0.594 — 0.062 m — 0.142 9 


We have derived the principal laws from these data according to 
the method that SchwArzschiLD has proposed in: his article in Astron. 
Nachr. N°.4557. There the relations, which exist between the coef- 
fieients of the different formulae, have been communicated in extenso. 
The whole computation has been made by means of the forınulae 
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mentioned there. A possible relation between luminosity and veloeity 
has been left out of eonsideration. Nor did we, imitating SCHWARZSCHIT.D 
make use of the cveffieient of m in the formula for m„,.„. We mention 
here the results we found and also reprint for the sake of compa- 
rison the results that SchwarzscHiLp found. 

In all formulae we have used SchwarzscHiLp’s definition of absolute 
magnitude. 

SCHWARZSCHILD’S Results. 


log. Dir) — + 0.488 — 0.097 0 — 0.0088 o° 


log. y() = — 2.879 + 0.737 M — 0.0147 M* 
log. V)—= — 0.922 — 0.165 @ — 0.0581 G° 
Mn = — 11.9 + 0 374m 
Our Results for the whole sky. 
log. Dir) = — 2.350 — 0.242 0 — 0.0165 g° 
log. 4) = — 0.853 + 0.141 M— 0.0403 M° 
log. (N) — 1.881 — 0.611 @ — 0.1400 @° 
n=—79 + 0.290 m 
Zone 1]. 
log. D(r) = — 3.113 — 0.263 0 — 0.0158 g° 
log. pl) = — 0.902 + 0.154 M— 0.0887 M? 
log. w(V) — — 1.586 — 0.659 @ — 0.1344 @° 
Mn=— 84 + 0.289 m 
Zone Il. 
log. Dir) = — 2.805 — 0.240 0 — 0.0162 g° 
log. g() —= — 0:841 + 0.127 M— 0.0397 M? 
log. y(W)—= — 1.603 — 0.727 G — 0.1477. @ 
MV Tg 
Zone Ill. 
log. Dir) = — 4.103 — 0,402 9 — 0.0244 o° 
log. pi) = — 0.646 + 0.025 M — 0.0597 M? 
log. w(V)— — 0.728 — 0.972 G — 0.2074 @° 
M=-—70 + 0.290 m 
Zone IV. 
log. D(r) = — 3.690 — 0.332 9 — 0.0230 og? 
log. pl) — — 0.671 + 0.057 M— 0.0564 M 


log. y(V)—= — 1.300 -- 0.775 @ — 0.1958 & 
 M1=- 6.8 + 0.289 m 
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Zone V. 
log. D(r) = — 4.207 — 0.3620 — 0.0254 og? 
log. gli) = — 0.636 + 0.045 M — 0.0621 M? 
log. p(V)= — 1.186 — 0.784 G@ — 0.2158 @* 
Mn=—64 + 0.290 m 


The values we found. for the. various coeffieients differ rather 
considerably from ScHwarzschI1D’s results. This is especially apparent 
in the formulae for g(i) and (N). 

lt is especially of importance to compare the luminosity eurve 
with that of ScHwarzscHıLD and the frequency curves that were 
found for the various zones with each other. To facilitate this we 
have given another forın to the formulae. In order to compare them 
we have also given Kaprtern’s results in the same form. Here too 
M has been expressed in the unit, used by SCHWwARrzscHILD. 

We represent the luminosity curve by the formula: 

p(M) = Ce !M—k) 

A simple caleulation shows us the relation between the new 
parameters and those used above. 

The luminosity curves found above may be expressed now by 
formulae of the form we found, with the following values of the 
parameters: 


k h 
The whole sky. . 1.76 0.385 
Belle zn. 2 2.00 0.378 
Zone ih. „0.2.55. 71,61 0.382 
ES I | 0.469 
ZRnsE LUST 5 0.456 
Zonen 0.207 3.,,0.36 0.478 
SCHWARZSCHILD . . 25.07 0.184 


„| type I 3.95 0.243 
et 5905.07 


The difference between the values found by .us and those of 
SCHWARZSCHILD is very great, much greater than we had expected. 
There is more agreement with the results obtained by KaPrtern, 
although here too at first sight the difference is preity conside- 
rable. No great significance can be attributed, however, to the values 
found for k. These results are based on extrapolation as the parts of 
the frequency curves that are based on observations do not extend as 
far as the maximum. It appears from the figure that we added to 
this communication, that Kaprern’s eurve does not differ much from 

ı) Astron. Journ. N®. 566. 

57 
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our determination as might perhaps be conelnded from the values 
of k and A; but that the two eurves agree very well. 

No real significancee can be ascribed to the maximum of the 
luminosity curves, determined by us, as the numbers for the mag- 
nitudes 5 and 6, ete. (notation of Kaprkyn) are based on the numbers 
which were found in the nearest vieinity of the sun. But our 
countings are not complete here, because we exeluded stars with 
P.M.>50". To this may be ascribed the decrease in the numbers 
which we observed. 

Very remarkable is the way in which the values for k agree 
that have been found for the different zones. It is true, there are 
indications of a systematie difference in the values of k for higher 
and less high galactie latitudes, but the differences between the 
values of the numbers are not so great, if we take into consideration 
the exaectness of the data, that we can deduce from them with 
certainty, that the luminosity curves of the various galactic zones 
differ. How well the different curves agree, is most evident from 
the figure which we inserted in our first communication. The six 
lines in the upper part of the figure relate to the investigation now 
discussed. 

We are of opinion that we may conclude with a tolerable degree 


of probability from these results that the frequency curve of absolute: - 


magnitudes does not vary with the galactie latitude. And if this 
should not be entirely correct, then the variation is certainly very small. 


3. Comparison with the results of other investigators. 


lf we wish to compare the luminosity eurves determined or 


assumed by different investigators in the course of time, then we 
can perform this best graphically. We have drawn the prineipal 
curves in the figure subjoined. 

The curve with the indieation “KaPrkyn” represents the luminosity 
law published in Publ. Groningen N’. 11. Our determination accord- 
ing to the same method, which we marked by the figure II, gave 
entirely the same result. They do not only agree in form, but the 
numbers of stars of every absolute magnitude which were found 
per unit of volume in the neighbourhood of the sun, are quite 
the same. 

We added in order to make comparison possible a constant amount 
to each number log. N„ for the other eurves. 

Then we have drawn the luminosity eurve, that SCHWARZSCHILD 
deduced in Astron. Nachr. N’. 4557 and also the frequency function, 
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that we found according to the same method and marked by the 
figure I. Whereas the first is entirely different from Karrkrn’s lumi- 
nosity law, the second agrees very well with it. 

In Astron. Nachr. N’. 4422. Hurtzsprung assumed for the distri- 
bution function of absolute magnitudes a- Gaussian curve with a 
mean value of 2”.7 and an average deviation of + 3”.0. 

Harn!) has assumed in his establishing of the luminosity law 
that the density is constant. He also supposes a perceptible extinc- 
tion of the light in space. With the aid of these hypotheses the 
luminosity curve was deduced from the numbers of stars of deter- 
mined magnitude found by CHarman and MeLoTTE and the mean 
parallaxes of Kartern and Comstock. It is remarkable that the 


' eurve found in this manner agrees pretty well with Karpreyn’s. 


In Monthly Notices Vol. 72 Dyson has published an investigation 
founded on the cross components of the starg of CarRIıNnGToN’s Cir- 
cumpolar Catalogue. Supposing that the density in the space taken 
up by these stars is everywhere the same, he determined the lumi- 
nosity law. The eurve found in this manner has been drawn by us. 
“ Comstock ) and Warker ’) have derived the frequency function of 
absolute magnitudes from the luminosities of stars the parallax of 
which has been measured. 

In his investigations on the structure of the universe SEELIGER 
has established the density law in the first place. This determination 


rests on the following theorem found by him °): 
a 


IEsfor m <n, Au Ohm ? , the density D will be = yr* what- 
ever g(t) may be. 
Here A,„ means the number of stars from the brightest star to those 


_ of the magnitude m and h, means the briglitness of the stars of the 


apparent magnitude m, while r represents the distance from the sun. 
We may formulate this theorem of SkELIGER also in this manner: 
If the numbers of stars of determined magnitude form a geome- 
trical progression, the density is proportional to a negative power of r. 
We have proved in our thesis for the doctorate ‘), that several 


I) Monthly Notices, Vol. 77. 

2) Astron. Journ. N®. 569. 

3) Astron. Nachr. N. 4754. 

4) The demonstration given by SerLieer is very intricate. We have published, 
however, in our doctoral dissertation a very simple proof, which we owe to 


Prof Karreyn. 


5) On the Determination of the Principal Laws of Statistical Astronomy. Amster- 


dam, KIRCHNER. 1918. 
57° 


880 


objeetions may be raised against the general validity of this theorem. 
SerLiger thought the premise of his theorem was affırmed by obser- 
vations. This eonelusion was premature and appears to be incorrect 
by comparison with more exact data. Therefore the density law 
derived by Sessur cannot be accepted. And also his considerations 
on a limit of the sidereal system found by him fail in sufficient 
foundation. 

Spuniger determined the luminosity law by solving an integral 
equation well-known in stellar astronomy by means of the density 
found. No great significance can be attributed to the result derived 
in this way. 

For the luminosity law, we indicated by ‘“SEELIGER 1”, use was 
made of the density law D(r) = yr, while in establishing the curve 
“SkELIGER Il’ he represented the density by Do)=y”*— ar. 
No sufficient motives have been stated for this last form. Moreover 


n both determinations a definite form of the function 4(l) was pre- 


supposed, which is undesirable and unnecessary. 
The eurve in our figure with the indieation ““SEELIGER III” has not 
been deduced by SkeLiGER; but it is a consisteney of his theory. If 


we extend namely — as Prof. Kapreyn observed — SEELIGER’S 
theorem to stars fainter than the limiting magnitude '), then we find: 
3 3—i 


If, for m>n, Au = Chn ? ‚then pli) = Ai ® independent of D(r). 

We now find according to Publ. Groningen N’. 27 for 12.0 < m << 16.0 
with some approximation: 

log. An = 1.797 + 0.340 (m—12). 

This gives the luminosity curve y() = 419, which we indicated 
in the figure by “SeELIGER III”. 

The graphical representation indicates how much the frequeney 
curves found by different investigators differ mutnally. All the more 
it is of importance to observe that our independent investigation 
furnished a perfect affirmation of the luminosity law deduced by 
Prof. Karren in 1901 from the data still so scanty at that time. 


Kampen, September 1918. 


!) The value of % is according SeELIGER about 11.5. 


‚Astronomy. — ‘“T'he longitude of Hyperion's pericentre and the 


mass of Titan” By Dr. 'J. Woutser Ir. (Communicated by 
Prof. W. Dk StrrEr). 


(Communicated in the meeting of December 28, 1918). 


1. In my dissertation'), published in the course of this year, I 
commenced the determination of the action of Titan on the motion of 
Hyperion. The developments inelude the libration in the eritical 
argument, in the semi-axis major and in the eccentrieity, together 
with a determination of the mean motion of the argument of the 
libration; further the large inequality of the critical argument, propor- 
tional to the first power of Titan’s eccentrieity. As I intend to carıy 
on these computations, the first thing to be done is to determine the 
libration in the longitude of pericentre and the mean motion of this 
element. The results are contained in this paper, which en 
nuation of the memoir already cited. 

To this end the development of the perturbative function 
(“Investigations’” Chapter I) has to be continued by the compu- 
tation of the derivative .with respect to e, the eccentrieity of 
Hyperion. The determination of the derivative with respect to a, 
the semi-axis major, being closely related to this computation, we 
also shall derive this function, though not required for the purpose 
of this paper. 

To check the special values of the perturbative function used for 
these developments, an independent computation of the same values 
has been carried out, starting from the goniometric development of 
the square of the mutual distance of the two satellites. The greater 
part of the numerical computations involved has been performed by 
Mr. D. GaAlsKEMA, computer at the Leiden Observatory. 


2. The determination of the derivative of the perturbative function 
with respect to e consists of the computation of the function 
des) 
Be 


I) “Investigations in the theory of Hyperion"; hereafter to be cited as “Investi- 
gations”. 
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(iA) being the function defined in the first chapter of the “In- 
vestigations”. From this definition results (with the notation of this 
chapter): 

Or 


rat) _ fast () 
de > 2m, de A 
0 


u 


ER BE 
For a given value of [1] the quantity 3, (which is a function 


of [1] and [3] only, as regards the angular variables) can be developed 
thus: 


9a 
Lupo + p, cos [3] + p, c0s2 [3] + u. + pn cos n [3] bes» (2) 
+ q, sin [3] +, sin2 [3] + .-- + Gnsinn[3] + --- 
Then we have: 
or(tl 
OD _,, e 
de 
and: } 
In-1/9 dad 
>) 55) Pa 4.Ppat Pe rn (4) 
N so de A s 
Cr 9 «a 2rn 
— — | 5 — — fer. | 3] =-—. 
5 2). being the value of ze [3] a 
Thus 
I) _ I.»15,00 5) 
Er N ee 


We are able to judge of te magnitude of the coefficients p„ for 
large values of n by considering the ınean values 


1 en I a 
n (de A)s’ 
for different values of n. Choosing n = 270, 135, 90, 54 and 


|1]= 0° and taking for the constants e and ” the values of the 
a 


table on page 3 of the “Investigations”, I get: 


El; 
— 270 a en pe rn 
n en e r), 108614 
.135 — 108614 
90 — 108614 


[1 


54 — 108616. 


Zu Aue WE A 
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From these values results: 
AtPfnt.. =rtPfstPpmnt.-=mtPratPın t--; (6) 
and thus: 
Ps =, Pad, Pa — 2.10. (7) 
Supposing the coefficients pn for large values of n to be of this 
order of magnitude also if F1| 70°, we see that we are allowed 


to use the formula 
o/(l1 11/09 d 
Le re), % 


de a 


without, on this account, having to fear an error in the resulting 


oa u 
value of E. larger than half a unit of the fifth decimal, ifn 2 90. 


o/(L!]) 
de 
according to this formula; for [1]= 0° 1 took n = 270, for the other 


1 


In the next table I have collected the values of ‚ computed 


values of [1] n—=135; the values of the constants e and is are 
a 


those of the table on page 3 of the “Investigations’”. 


[] nn 210° | 


0° — 108614 
89 — 108574 
+ 16° — 108450 
24° — 108226 
+39° 2 401877 
+ 36° — 107647 


The function 7.2 is an even function of [1]; putting |1] = 
e 


—qsinw, q being a constant, the development becomes: 
nn —vy (%) = 55 kon cos nw. (9) 
e n—=0 


I take g—= + 36°, thus putting 1]= + 36° sin w; if from this 
last equation we compute a value of w in the first quadrant for 
each value of [1] from the preceding table, we have the value of 
w(w) for six values of w and thus six linear equations, from which, 
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putting Ak, kw. ., etc. zero, kukastiirh, aanibe solved. The 
coeffieients k, and %,, appear to be zero and the following develop- 
ment of w (w) results: 


0. ZED — 10. = — 108151 
e 
— 484 cos2w (10) 
+21 co4w 
+1. os6w. ; 


3. The derivative of the function /t[1]) with respect to a is 
determined by the formula 


2r 


een I a } 
ep az al3l. (11) 
‚o 


r 


ö 
For a given value of [1] the quantity a—— can be developed 


da A 
thus: 
ep + nt 24. ment... de) 
Ar + qsin[3] + q,sin2 [3] +... + msinn[3] +... 
Thus: h 
Drill ])E 27 oa 
nz lia) m mm.. 0 


; i IrI7 0 
Agäin we derive the mean values — 2 [a— —| for the values 
ns=0o\ daä), 


n= 270, 135, 90, 54 and the value [1] = 0°. The values of the constants 


' 


a 
e and — are those of the table on page 3 of the “Investigations”. 
a 


We get: | 
ig 0 a 
— 370 a ee, 
n 2 (. a: z), 10 110691 
135 — 110691 
90 — 110691 
54 — 110706 . 
Thus: 
PP tPmnt-..- —=PrtPfu tPfmnt-- = +tpo tPpın t:.; (14) 
and: 


Pin = Pa, Pu =; (15) 
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further: : 
a 15,105, (16) 
Supposing the : coeffieients Pu for large values of n to be of this 
order of magnitude also if [1]# 0°, we see that we are allowed 
to use the formula ns 3} 
N @ 
la) = 
without, on this account, having to fear an error in the resulting 


9/([1]) 
da 


values of a 


nZ%. 


larger than half a unit of the fifth decimal, if 


o/(l1l 
In the next table I have collected the values of a an computed 
a 


according to this formula ; for 1]= 0° I took n = 270, for the remaining 
values of A] n=135; the values of the constants e and “are those 
ü 3 a 


of the table on page 3 of the “Investigations’”. 


IIND, .: 
ee 10 


110691 
110887 
111477 
112480 
— 113921 
— 114820 


o/«tı) 
0 


The function a-——- is an even function of [1]; putting |1]| = 
P a 
= qsinw, q being a constant, the development becomes: 
Bu Al © 
DV ım= I Ign cos 2n w. (18) 
a n=0 
I take g—= + 36°, thus putting |1] = + 36° sin w; if from this 
last equation we compute a valne of w in the first quadrant for 
each value of [1]. from the preceding table, we have the value of 
3(w) for six values of w and thus six linear equations, from. which, 
putting Z, 4... ,ete. zero, /,/,..,/,, can be solved. The coeffi- 
cients /,, Z, and /,, appear to be zero and the following develop- 
ment of A(w) results: 
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en 10° = Aw). 10° = — 112732 
a 
+ 2064 cos 2 w | 2) 
— 23 00s 4 w. 


4. The first system of differential equations of Chapter 11 $3 
of the “Investigations” contains the equations for the determination 
of the four variables o, ©, 9, 2, supposing Tıran’s eccentricity 
to be zero. The  remaining part of Chapter II contains the 
determination of those terms of the variables gu, @, 6, which 


' 
m 
are of order zero and one with respect to VE. To com- 


plete the computations we shall examine the last equation of the 
system mentioned, viz. the equation for 42. This equation: 


Be na ; (20) 
di do ' 
can be written thus: 
d(2 m’ of 
DL rerE en 


As o, 0 and 9 are known functions of t, the solution of tbis 
equation is reduced to a quadrature. 

The right member of the equation is an even function of 9; sub- 
stituting the series from Chapter II $ 3 of the “Investigations’”’ for 
0, 6, 0, this right member geis the form: 


p=» . 
u’ zZ D,uP; (22) 
p—0 


' 
m 
here 1 = Be and ©, is an even periodie function of r. 


Denoting the constant term of the goniometric development of ®, 
with respect to x by ®, we have: 


dt „Pe — 
ee = je 2) pur -H ie = di = ®,) u’, (23) 
and thus: 
u’ p=o s 
2= constant + u’ n = D, up +- — Zur |(®, — B,)dr. (24) 
p=0 p=o 


Be the divisor » according to the series (Chapter II $ A) 
z - p=» 
v=:mp, 
n a! 
2 gets equal to the expression : 


u he 
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p=» ne p i 
n=w®+=n, iA 
p=0 M. 
2, — 2.Pbps sin sT, =(,l,.., 
= (25) 


@ = constant +Yt, 


el) 
TE M 


Deviating from the notation’ of the “Investigations” I have denoted 
the coefficient of £ in ® by the letter 7, to prevent confusion with 
the known number =. 

We get: 

0 ==) 


m Par 1 
e ze elle br u) (26) 


Ber za 
Ar = as); Anh 


dr 
denoting the constant term of the periodie development of EB 


Po soRo 
with respect to r by a stroke above the functional sign. 
‚As 


— l 
da _ de oe vi-e > (27) 
do do e VaM 
we get: 
ai La lee 2028) 
00 de € VaM 
hence: 
ne eier. el; 
HF e Po°o®o | 
(29) 


Vi-e —e, Ez 
ee 
I ee ee v, IE I Y Ä ne | | 


For the coefficients substituting heit numerical values, we get: 


Po70%0 


var; of ) 
(2, = + [2.499354] fi (a [x Burn 
0 / 
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the numbers in brackets are logarithms; 2, has been expressed in 
degrees, which fact has been denoted by the symbol (0). 
The quantity x, can be determined by the equation: 


711 
elle + le + ln), 


the symbol [ ], a an abbreviation for | |, «=, 9%: 
The right member is the constant term of an even periodic function 
of r, which Zaun its sign if r is replaced by x—r. Thus: 
ee (32) 


2 ) 


EL re a 


5. The development of the function from $ 2 of this paper 


enables us to compute the numerical BR of 2, and /;,. To derive 
9f 

the function Et (he variable »w» is to be expressed as function of 
e 


Po°0%o 
ol) _ 


t in the development of ——— as function of w according to for-. 
de 


mula (10). 
From the relation (Investigations p. 26) 
v+tasn2u=tr, x —= + 0.00318, 
results: 
cos pw— 008pt — 5 foos(p+2)r — os(p—2)r! +!..}2’+..; (83 
and thus: 


cos 2 w — cos2r = + 0.0032 — 0.0032cos4r, 
cos 4dw — cos4t — + 0.01cos dr — 0.01 cos6r. 
With aid of these formulas the following value for the development 


() 
of Bi ‚ a8 function of r, can be deduced: 


(84) 


de 


007090 
0) | 
1%] .10° —= — 108153 | 
de Por 
— 484 cos?2r 
\ (35) 
+ 23 cos4r | 
+ 1 oos6r, 
Thus: 
6) 
4 .10° = — 108153 ; 
e Por 
(36) 


10% j | HR F.. 


dt = — 242 sin 2r + 6sin4r. 
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Substituting these expressionsin the formula (30), we get the results 
collected in the next table. 


© 
a 2.09 sin sr 
s=l 


2, = — 0.765 sin Ar 


+ 0°,019 sin 4r 


am) gg ;— 1.2: : 
Kı = — 9.3675’, 


N 


6. With regard to future developments we shall determine the 
derivatives of the functions (2, and x, (considered as functions of 
0, 6, g and r) with respect to g; to this purpose we rieed the 
value, of the function 


f) H 
dq | de |pa0 " 
which value is given by the equation 
0 fd 0° 09 
dq BE ar E# ; = 
For the determination of the function er we have the formulas: 
0c0s2 w : x 
q Fy7 =— 4 sin w, 
0 cos 4 w | 
ee +8 sinw-—- 8sin3 w, | (38) 
| dt — IB oinw + 2eindw— 12 uin dw. 
j Hence: 
10.9, = + 2092 | sin w 
— 156 sin3w (39) 
— 12 sind w. 
For the development of the goniometrie functions of the different 


multiples of w as functions of r, in the first place we have the 
formula (Investigations p. 27): 
sinw— + 0.99841 sinr — 0.001599 ind r. 
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Further from the relation (see section N°. 5) 


w+taesın2u=1tr, x — + 0.00318, 
we deduce: Z ae 
sin p w — sin pr —Safsin(p+2)r — sin (p2)rT!+!..!2’+.... (40) 
and thus: 
sin 3 w — sind t— + 0.005 sin r — 0.005 sindr. (41) 


With aid of these formulas we deduce: 
0°? 
100.0] | == + 2088 sint 
pozoda 


dedd 
— 159 sın3r (42) 
— 11 sindr. 


09 
In connection with this formula, from the ‚table for on page 33 
9 


of the “Investigations”, the relation results: 
3 


| ze rT; | 
10° ,g? 41.053 
2 le 0q z 


—7 
06 cos2r (43) 
+49 cos4r | 
+3 c06r. ! 
Hence: 
of 
10° — 5 
5 2]. Baur | 
(44) 


ef iE R IE | And 


dy; I 
The values ot A and q Sr result from for mula (30). I colleet 


dr = — 353 sin2tr + 12sin4r. | 


these values in the next table. Deriving these values, we ought to 


6) ER) 28) 
2,500 


"sin at 


dg nt dg 


— 0.0305 sin 2r 
+ 0.0010 sin 4r 


q 9%, 


— — = — (0.00961 


3A Ai na 
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remember that the numerical coeffieient of the integral in the for- 
mula for 2, also depends on g. 


7. From the value of y, of section N’ 5 we shall derive a 
value of the mass of Titan. Taking account of the equation y, —= 0, 
for the motion of Hyperion’s pericentre, neglecting terms of the 


m'\? 
order [| — |), we get! 
(e) . 


From observation H. Srruvs& ‘) for the mean motion of Hyperion’s 
pericentre gets the value: 


' 


m 
u ELLE FETE (45) 


— 18.°663; 
correcting for precession, we get: 
— 18.677; : 


here the Julian year is the unit of time. 

- Before comparing the theoretical value according to formula (45) 
with the observed motion, we ought to correct the latter on 
account of the secular variations caused by the sun, Saturn’s ellip- 
tieity and the other satellites. According to H. Samter ') the values 
of these variations are respectively + 0.011, + 0.234 and 
+ 0.009 a year. Subtracting the sum of these numbers from the 
observed motion, the equation for the determination of Titan’s mass 
becomes: 


. m 
— 9.3675 Be — 18.931. (46) 
m’ ‚ 
As.n’, differs from n’ only in the terms of order m and higher, 
I put n’,=n‘’ and thus: 
n', = 365.25 X 22.5770. 


Then from (46) we get: 


M 
— — 4080. 
m 


This value agrees quite well. with the value from the mean motion 
1) Beobachtungen der Saturnstrabanten. Publications de l'Observatoire Central 


Nicolas. Serie II. Vol. XI. 1898. p. 290. 
ı) Die Masse des Saturnstrabanten Titan. Sitz. Ber. der Kön. Pr. Akad. der 


- Wissenschaften. 1912. 
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of the argument of the libration (Investigations p. 70) (which value 
also has been derived on simplifying suppositions), viZ.: 


M 
— — 3986 . 
m 


M 
The values of— computed by EIcHELBERGER and SAMTER from the 
m 


perturbations of Hyperion are: 
W. S. EıchELBERGER: 4172 + 58, 
-; H. Sımter: 4125. 
Thus the agreement of the different values is satisfactory. 


Chemistry. — “On the influence of some salts on the dyeing of 
cellulose with Benzopurpurin 4B”. By Prof. J. Bönseken, 
Miss G. W. Tersau and A. ©. BinnENnDIK. 


(Gommunicated in the meeting of Nov. 30, 1918). 


= I. 


The object of this investigation was originally to examine whether 
the function of the salts in dyeing cellulose with benzidin dyestuffs 
was of a catalytic or of another nature. 

I had found with v. p. Bere and Kerstiens') that in acetylating 
cellulose with acetic acid anhydride, the action of H,SO, and iodine 
was purely catalytic, as small quantities of these substances were 
suffieient to induce the attack of the very complicated cellulose 
molecule. As cellulose is entirely insoluble in acetice acid anhydride, 
the substances mentioned above formed the bridge on which the 
-cellulose and the anlıydride could meet and react on each 
other. It was not out of the question that the anorganie salts acted 
the same part between dyestuff and fibre material as sulphurie acid 
between anhydride and cellulose, as far as they enabled the dyestuff 
to enter the fibre substance. 

However it was already evident from the literature on this subject 
that one must not speak of a eatalytie action, because the metal- 
atoms of the salts added were taken up by the fibre material, in 
quantities which are ‚almost equivalent to the dyesänf, (as a bisul- 
phonie acid). 

It was also known that if one wants the benzopurpurin to be 
taken up properly by cotton wool, then there must be present in 
the dye-bath a quantity of salt greater than an equimolecular one 
in regard to purpurin; this does not strike one at once because the 
molecular weight of the purpurin is great (680) and tlie dyestuff 
solutions are frequeutly very diluted. In fact the phenomenon may 
better be compared with the salting out .of soaps and is considered 
to be a shaking out by the fibre substance of the dyestuff salt 
soluble in it, of which salt the concentration in the bath is consi- 
derably increased. by the addition of alcali-salt. 


1) Recueil' 35,320 (1916). { 
5 


Proceedings Royal Acad. Amsterdam. Vol. XXI, 
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Some preliminary experiments showed that the quantities of salt 
necessary for the exhaustion of tbe dye-bath were indeed much 
greater than equimolecular; thus a solution of 1 mg. of benzopurpurin 
in 100 eem. H,O or of '/,, millimol. needed 500 mgr. Na,SO,, viz. 
nearly 40 millimol. in order to be exhausted by 1 gram of cotton- 
wool. 

This was affirmed with a whole series of other salts; in every 
case the quantity of salt necessary to bring about an almost entire 
decoloration of the bath was many times greäter than the quantity 
of benzopurpurin. 

As at the same time observations were made which might throw 
a light on the dyeing process, the investigation was continued in a 
quantitative way with a number of metal salts. 

The preliminary experiments were executed with solutions: of 
1 milligram of pure (salt free) benzopurpurin 4B and, in relation - 
to each other, equimolecular quantities of a number of salts, in 
100 ccm. H,O. Every time 1 gram of purified cotton-wool, which 
had been freed from fat, was exposed in porcelain cups during 
10 minutes to the action of these solutions at 65°. It appeared that 
the intensity of colour of the bath, while using sulphates of sodium, 
potassium and ammonium was almost identical, but still not 
completely so. 


Salt. Quantity. | Effect. 
(NH9, SO, . 0.0661 gr. Little difference; 
Na, SO, 10 ag. Qs1612,5, decreasing as indi- 
K, SO, 0.0872 „, ‚cated by thearrow 
Mg SO, 0.0602 „ markediy lighter 
Al, (SO,)3 | 0111172 ı  precipitatedinthebath 


Magnesium sulphate acts distinetly more strongly, which was to be 
expected of: the bivalent kation in regard to the acid dyestuff, 
whereas by tlie trivalent aluminium the dyestuff had already been 
preeipitated in the bath, before it could reach the fibre. 

A second series gave the following result: (see table on next page). 

So there were again distinet differences among univalent and 
among bivalent metals. 

What is especially striking, is the fact that the stıionger action 
depends upon the place of the metal in the potential series and not 
upon the atomie weight, as sodium not only extracts more than 


TRUTH 
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lithium, which is lighter, but also zine more than cadmium, which 
is beavier. 


nn 


. . | 
Quantity | Quantit 
Salt. in mg. | in Remarks. 

Li, SO, lag. 60.5 | he, Colour ofthe bath 
Na, SO, 10 ag. 161.2 h | | ne ee in 
Mg SO, T aq. 123.3 Br 

| | “Between Li and 

3 Cd SO, 8 aq. 128.3 | !/&000 Na there is a clear 
Zn SO, 7 aq. 143.8 | 1/9000 Ra 

Al, (SO,); 18 ag. il. \/&000 Coagulation ofthe 

dyestuff inthe bath; 

Cr, (50; 18aq. 65.4 ” | ehe fibre remains 
Fe, (SO,); 835.5 s colourless. 


Magnesium seems to form an exception in this respect; however 
it turned out that this metal should not be compared with Zn and 
Cd, but with the alcaline earth metals, with which it shows more 
resemblance, also in other respects, than with zine and cadmium. 


Quantity Quantity 
Salt. in mg. aa Remarks. 
= f: | | ; * > 
| Hg TC, ] 135.6 | 
Mg Cl, 6.aq. | 101.7 | Colour of the bath 
Cd Cl, 2aq. 109.6 "/2000 decreases as indi- 

Ca CL 6 aq 109.5 cated by the arrow. 

g . . 
Bath 220. | 104.1 V 


From this survey we have conclusive evidence that magnesium 
belongs to the series Mg<<Ca<{Ba of which it forms the least 
strong term, whereas cadmium must be considered to be one of the 
series Hg < Cd < Zn. 

In both series the most electropositive metals are the most effective. 

The series interseet and as magnesium is more electropositive than 
cadmium and zine, and yet extracts less effectively, there must be 
another property beside electropositivity, which governs the extract- 
ing action of the metal. 


IR: 


"With a view to ceonfirming the results communicated in the 
Dur 
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preceding paragraph the investigation was extended and at the same 
time the estimation with the naked eye in the exhausted bath was 
replaced by a quantitative determination. - 

Instead of cotton-wool 1 gram skeins of cotton were used, which 
were first soaked in soapwater and then well rinsed. During 10° 
at 65° they were brought into a bath of 1 milligram of carefully 
purified benzopurpurin 4B and different quantities of salt in 500 
ccm. of distilled water. 

After dyeing the bath was quickly cooled and compared with 
standard solutions of known concentration in a colorimeter of 
C. H. Wour, 

First of all we had to examine whether Behr’s law was valid, 
viz. whether a em. of a n. normal solution had the same intensity 
of colour as ».a. em. of a '/pn.normal solution, which in fact was 
the case. 

It was necessary to use distilled water for the dilutions; water 
for drinking gave another shade to the field by which the sensitı 
veness was impaired. 

For benzopurpurin and with solutions of, at the utmost, 1 milli- 
gram in 100.cem., the sensitiveness of the method could be increased 
after some practice to 0.1 cm., at a thickness of the layer of 10 
to 15 em. vız. to less than one percent. 

After this we had to examine the relation between the quantity 
of dyestuff, taken up by the cotton — using a fixed quantity of 
salt — and the concentration of the dyestuff. 

Here one would expect a relation of the nature of the absorption 
equation. 

However the quantity of dyestaff preeipitated by the fibre appeared 
to be pretty much independent of the concentration of the dyestuff 
in the bath. 

To that end respectively 1, PRRSRUN and '/, mgr. of benzopurpurin 
were dissolved in 100 ccm. H,O containing 161,2 mgr. Na,SO, 10 ag. 
and in this sol. each time 1 gr. of cotton was dyed during 10’ at 
65°; after that the exhausted bath was compared with the original 
solution (see table on next page). 

It is to be expected that the independence just referred to will 
not hold good for higher concentrations of the dyestuff. As however 
it was our intention only to examine the influence of the eleetro- 
lytes and as (his effect became more lucid in this way, we confined 
our investigations in the beginning to concentrations of not more 
than 1 mgr. per 100 ccm. i 

Moreover with these small concentrations the colorimetrie deter- 
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minations could be exeeuted directly — without having to dilute. 
Further it was shown that the quantity of dyestuff taken up 
depends on tlie concentration of the electrolyte, however only to a 


U WERE 


Conc. of ; ; nal 
benzopurpurine. Change of the intensity of colour. Taken a the 

1 mgr. 15 cm. after dyeing = 14 cm. orig. bath. 0.066 mgr. 

an... | n =13 % n 0.066 „ 

Ha 5 | 1 -12, Er 

0, i S4Lh,. 0.065 „ 


certain limit; an increase of concentration above: 10 millimol. in 
many cases does not cause a rise of the quantity of purpurin which 
is precipitated on the cotton. 

A close investigation will have to decide whether this is due to 
a saluration of the cotton fibre with the electrolyte, by which a 
further rise of the conc. in the bath leaves the concentration in the 
fibre practically unchanged, in consequence of which the preeipi- 
tating action cannot exceed a certain figure. 

We shall not enter into further detail because this falls outside 
the scope of this communication. 


A. Comparison of the action of MySO, Tag, (C4S0,),8H, 0 
and Zn SO,T ag. 


Here several concentrations of the salts were used and for the 
rest the exhaustion of the bath (1 mg. purpurin per 500 ecm.) was 
defined as mentioned above. From this the quantity of dyestuff taken 
up by the cotton (1 gram; always at 65° during 10 minutes) was 
caleulated by subtraction. 

If, for example, it was found that a column of 15 em. after.dyeing 
had the same intensity of colour as 9.2 cm. before dyeing, then 
there was present in the bath 9.2/15 x 100°/, = 61.5°/, and hence 
the fibre had taken up 38.5"). 

The determinations mentioned above were moreover controlled 
by eomparing several of the exhausted solutions with each other. 

So 15 em. of the ZnSO, sol. of 0.25 millimol. should be equal 
to 14.5 em. of the equimol. MgSO, sol.; 15 em. of the ZnSO, sol. 
0.33 millimol. —= 13.4 em. of the equimol. CdSO, sol. and = 13.2 em. 
of the equimol. MgSO, sol. etc., which was always the case. 
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The observations contained in the. scheme are for a part inserted 


in the graphie representation 1. 


—> 


On the fibre 


) Z 3 7 
Che. satt in mmol — 4 

B. Comparison of the action of the chlorides of Mg, Ca, Sr, 
Ba and of Zn, Cd and Hg. 


As the concentration of these salts is not to be fixed accurately 
by weighing, standard solutions were made, the content of which 
was estimated by the VorHarp volumetrie method. These solutions 
were diluted to a content of 4 millimol. per 160 cem. (284 mg. of 
chlorine). 

Hence each cem. contains '/,, millimol. 

To the bath of 1 mgr. of benzopurpurin in = 0.5 litre of distilled 
water were now added respectively 5 ('/, millimol.), 10 (/, millimol.), 
15 (*/, millimol.), 20 (*/, millimol.) and 40 (one millimol.) eem. of the 
different salt solutions and left in contact with 1 gram of cotton 
during 10 minutes at 65° as mentioned above. 

Afterwards the exhausted baths were compared with the original 
dyestuff solution and in this way tleir strength was determined; 
by way of controlling the exhausted baths of different salts were 
also mutually compared and no deviations of any importance were 
ever observed. 
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The result of the investigation is given in table II and in dia- 
gram I]. 


Especially from the latter one observes immediately that the result 


TABLE 1. 
san. | Geeniy | Qui, | intensity or colour. [Taken up 
Mg SO, Tag. 61.7 0.25 En LHJEIng = 14.30 4.5 0, 
a 82.2 0.33 ei =13.4 „ | 108 „ 
; 123.3 0.50 5 =125 „| 167, 
s | 184.7 0.35 : 249, 1.20.7,, 
a 246.6 1.0 n =11.7 „| 22.0 „ 
% 369.9 1.5 $ z1l2 Hl, 
e 493.2 2.0 4 =11.0 „| 26.7, 
Zn SO, Taq. 19272025 I5cm.aft.dyeing=13.8beioe | 7.5 9%, 
% 95.9 0.33 $ =A19 5,0 20.47, 
5 143.8 0.50° SE eW.2, 0, 
3 215.7 0.5 | : —- 75,500 „ 
A | 287.6 10° | h -=671,|53,. 
E 431.4 1.5 : =65 „| 56.7 „ 
3 55.2 | 20 R =65 ,,567T, 
+ |(Cd 804)3 8H20 } 64.1 0.25 ‚15cm.aft.dyeing = 14.1 before 6.0 % 
2 85.5 0.3 \ 5 18.2 0.1 012.00: 
$ 128.3 5 ‚ -21,| 10, 
n 192.4 0.75. | 7 210,3 50-019% 
’ 256.6 a -95 ,„ | 317, 
5 384.9 1.5 = =u9. 1,1 
r | 513.2 2:0 | R =. 0-4 0000925 


of our preliminary observations has been entirely affirmed. 

It is elear that magnesium in fact belongs to the group of the 
alcaline earth metals and that on the other hand zine, cadmium, and 
mercury form a natural group. 

Though the curves for caleium and zine run closely beside one 
another, they bear no relation to each other in reality. 
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TABLE Il. 
Conc. i Taken up by 
Salt. I millimor Intensity of colour. fhe Nora 
MgCl, lg 15 cm. before dyeing = 13.3cm. after it. 11.3 9%, 
CaCl, % e =13.1 , I PO 
SrCh “ # = 124 R 18.8 „ 
BaCl, ” ; = 93 5 1. Be 
ZnCl, . = =4.2 ; 24.1.5 
CdCi, h i =13.2 R 1.577 
HgClz 5 h = 14.2 4 | 5.077 
{ 

MgCl, 1; 15 cm. before dyeing = 12.1cm. after it, 19.5.07 
CaCh, N " 103 2 1 2. 
SrCl; 2 = 7.5 { | GB 
BaCI, x x 2 Dt | 58.0 „ 
ZnCl, N ME 0.5 r 30.0 4 

CdC1, 3 s = 11.9 > 20.5 
HgCi, „ 5 ZUE PM 10.0 „ 
Best, I 15cm. before dyeing = I1.2cm.afterit) 25.5 % 
ali, D) ’ = 9.4 ” 31.3 „ 
SrCl; s i =#.6,8° =, 54.5 „ 
BaCl, u 5 =i6,8 “ 60.0 „ 

Zu, 1° ; Ä = 9,7 35.3 
Cacl, ” v = 11.0 R 26.71 3 
HgCl, > “ = 12,9 5 14.0 „ 
ERS l Ya 15cm. before dyeing = 10.9cm.afterit. 26.7 9%, 

2 ” —=n8-9 

SrCh, » { = 65 i he gi 
BaCl, ” ; — 6.0 3 es ; 
Tr ” & » 

ZnCh „ = 9.1 « 35.3 
CdCl, ” ” — 10 5 30 0 ” 
HgCl, » = 12. % - 5 
" = 12.3 “ 18.0.5 
sr 1 15cm. before dyeing = 10.6cm.afterit. 29.3 0% 

2 " ” = RT " 42.0 
SrCi, x Be N 
BaCıl ” = 65 s 56.7 - 
ERDE i ” BLUE 60.0 „ 

Zuch I ae ng ee 
CdCi, 5 Ins ” 
Hech, ” =10.2 Mr 32.0 „ 
” ” = 11.5 E Bug 
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TABLE Ill. 


3 


Concentration ; Taken up by 

Salt ana Intensity of colour. the Ühre: 
MgCl, 1a ı 15 cm. before dyeing = 14.4 cm. afterit 4.0 % 
CaCk, Br y; n =11.0 N 26.7 „ 
SrCl, a : = 10.0 h 33.0 , 
BaCı, £ h = 9.0 s 40.0 , 
ZnClz A | : = 13.9 Bas 
CdCl, d B =14.0 -, Bin. 
HgCl, | ” | ” = 14.5 ” 3.3 ”n 
MeCı, 1, | 15 cm. before dyeing=13.3cm.afterit 11.3 9, 
Call. | H | 2 2 Br. Du 433, 
SrCl, E & 37.0. 7 41.3. 
BaC1, J E = 712 5 52.0, 
ZuCl, | : | r = .,9,5 > 36.17 
CaCı, e | 4 = 12.7 n 15.3 „ 
HsCh, ” | ” = 13.7 N) 8.7 ” 
MeCl, 3, "15 cm. before dyeing = 12.5 cm. afterit' 16.7 %, 
Call, | 5 | = a RR A 48.7 „ 
SrCi, “ P =. 71.3 . 51.3, 
BaCl, { r = 7.0 ’ 53.3 „ 
ZnCl; » » ='8.2 " 45.3 „ 
CdCh 2 » = 12.1 2 19.3 „ 
HgCi, ” R = 13.3 R 11.3 „ 
MgCl, 1 ' 15 cm. before dyeing = 12.3cm.afterit| 18.0 0% 
CaClz ; | ; =716 „ 49.3 „ 
SrCliz a - a OR n 48.7 „ 
BaCl, ; z = 1.0 x CHR 
ZnCh, » „ == 8.1 » 46.0 7] 
Cdll, R x = 11.5 ä 23.3 „ 
HgCl, : = = 13.3 h 11:3 

Taken up by 

4 ei the fibre 

As above 1! Intensity of colour as with Imillimol.ofsalt et 

millimol. 
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C. With a view to afflirming the significance of this result we 
have ex&hmined the conduct of the self same series of salts towards 
a benzopurpurin solution 10 times more concentrated. 

However here the quantitative estimation, used till now, could 
not be applied unmodified; the intensity of colour of the solutions 
was far too great to determine the differences by a simple compa- 
rison of the layers of the liquid. , 

Therefore we first tried to estimate the quantity of dyestuff by 
precipitation with potassium alum and weighing the precipitate; in 
doing this however fluctuating figures were obtained. Also the 
quantity of ash in these precipitates was too small to lead to an 
effective method. 

The colorimetrie ‘method was now modified as follows: 10 cem. 
of the exhausted bath were diluted to 100 ecm. and this solution 
was compared to one containing 1 mgr. of benzopurpurin in 500 cem. 

The concentrations found by comparison were now multiplied 
by ten in order to learn the cone. of the dyestuff in the exhausted 
liquid. 

First we had convinced ourselves of the fact that, on diluting the 
solution of 10 mgr. in 500 cem. to the tenfold volume a liquid 
was obtained, the intensity of which was equal to the standard 
solution (1 mgr.—500 cem.), so that this method of dilution may 
be considered allowable. Table III gives a survey of the result 
obtained. 

The character of the dyeing-curves is equal to that of the dye- 
bath diluted ten times; the succession of the metal salts has remained 
entirely the same. Now too we see magnesium join the group of 
the alcaline earths as the least pronounced representative. Striking 
but not strange is the relatively trifling action which it exereises, 
viz. it diverges remarkably from the Ca<“Sr < Ba and so in that 
group it takes a somewhat isolated place. In the group of the bi- 
valent heavy metals zine also seems to stand somewhat apart by 
its relatively pronounced action. 


D. With a view to the conformity between zine and elements 
from the 7!" and 8!" group in their bivalent form, the conduct of 
manganese, iron, cobalt, and nickel was examined, to which end the 
sulphates were chosen. Here the difficulty presented itself that the 
salts of those metals had a colour of their own, so that a correction 
had to be applied. First it was made out that with the salt-con- 
centrations used, so little of the salt itself was taken up by the 
fire, that hereby no perceivable change of colour took place ; this 
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of course was done without benzopurpurin. being present in the bath. 

Now, when a dye and a salt are present at the same time, pro- 
bably more salt will penetrate the tibre; these quantities however 
were very small, as the ash content of the fibre material after 
dyeing did not amount to more than 3 milligrams. 

The correction meant above consisted in this, that in the standard 
solution a quantity of salt was put equal to that of the exhausted 
dye-bath. It is true, by that the error was not quite avoided, because 
unequal layers of the liquids have to be compared; however, since 


TABLE IV. 
Tu m —m un 
Conc. | : Quantity of 
Salt in millimot. Intensity of colour. ayestuft In the 
FeSO, 1/g 15 cm. after dyeing = 14.8cm. before it. 1 0/, 
MnSO, . f = 13.9 r 13:3 
CoSo, t ? —=11.5 3 233, 
NiSO, er rei =105 „ 30.0 „ 
FeSO, un 15 cm. after dyeing = 14.4cm.before it. 4.0 % 
MnSO, # 5 =13.2 : 12.0 „ 
CoSO, Br. z =10.6 „ ER PUR 
NISO, SE; 4 an 38.0, 
FeSO, lg 15. cm. after dyeing = 14.2cm. beforeit. 5.3: 9% 
MnSO, } r =130 „ tag 
CoS0, N 5 -=95 „ 36.7,» 
NISO, r N =85 „ 0.7, 
- FeSO, 1 15 cm. after dyeing = 14.2cm. before it. 5,3 0% 
MnSı), . > =12.9 ,„ 14.0 „ 
CoSO, a u ==u9,2 - 38.7. „ 
NiSO, n | s = 85 f 43, 
FeSO, H 15 cm. after dyeing = 14.Icm.beforeit. 6.0 % 
MnSO, - = =.12,9 he 14.0. 5% 
CoSO, 5 P =,9,2 n 38.7 „ 
NiSO, 5 “ = 8.0 . 4.7 „ 
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the intensity of colour of the very diluted salt solution is inconsider- 
able compared to that of the benzopurpurin, this error could be 
neglected. 

The solutions of ferrous sulphate had to be prepared anew for 
each determination, because after some time, in consequence of oxi- 
dation, precipitation of ferrie basic sulphate took place. As this was 
not entirely to be prevented the figures for this sait are given with 
some reserve, of the other salts standard solutions were made eon- 
taining '/,, millimol. per cent of which respectively 5, 10, 15, 20 
and 40 ce. were used. For the rest we worked as is described 
under B p. 898 with the exception that a temperature of 70° was 
chosen. 

First we see that zine and also cadmium in some degree join 
these .metals. Remarkable is the rapidiy ascending course of the 
curve for zine, a thing we had already found with zine chloride in 
the concentrated solution of benzopurpurin. As yet we cannot decide 
whether this is based on accidental deviations or whether the higher 
temperature is the cause of it. As regards the metals of the iron 
group itself, we see that the precipitating faculty increases according 
to the atom number of the metals, except in the case of manganese; 
but ‚the differences ‚between manganese and iron are very small. 
We investigated also the chlorides of manganese, cobalt and nickel 
with which the same succession was found: Mn <“Co<Ni with 
almost the same figures. 

Tbis result therefore agrees with what we found about the succes- 
sion zinc, eadmium, mercury, viz. that the preeipitating faculty is 
not connected directly with the atomie weight of the elements, but 
with a peculiar ‘chemical property, for instance the electro affinity ; 


Be 
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but not exelusively with that either,übecause otherwise the action of 
zine and magnesium could not be well understood {for the rest see 
fig. 2). 

E. In the course of our preliminary experiments we had observed 
that lithiumsulphate exereised & smaller action than sodinm sulphate; 
we have repcated these experiments in a quantitative way on the 
chlorides and supplemented them with NH,CI and KCl. Except those 
for lithium the figures are so near to each other that the genainiie 
fall within the range of the experimental error. 

Nevertheless we suppose the succession LL<NH,<Na<K to 
be correct, in accordänce with the increasing electro affinity (table 
V and fig. 3). 


2 I 3. 
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Also with the alcaline metals a limit was soon reached, which is 
situated at & 33 °/, therefore considerably lower than that of the 
alcaline earths (BaCl, = 60 °/,) and at about the same heiglıt as that 
of the other metals of the 2nd group, with the exception of mercury, 
manganese and iron, which are situated much lower. 

With the fixation of the acid benzopurpurin we have kept our 
"attention fixed on the metal. Because we were forced to examine 
some chlorides in order to obtain a survey of tlıe alcaline eartlıs, 
we were able to compare the action of a few chlorides with that 
of the sulphates. > 

Though the graphs indicate a shifting of the action towards lower 
concentrations, we did not in any case meet with essential diffe- 


rences, which was to be expected. 
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TABLE V. 


Quantity öf 


Conc. i f colour. dyestuff in the 
Salt.  |jn millimol. re bes 
LiCl Ug | 15 cm. after dyeing = 13.3cm.beforeit.. 11.3 %, 
NH,CI 5 } — 12.6 J 16.0 „ 
NaCi k . —= 12.5 h 1ER 
KCI £ x =11.8 ä 1. 2E.098 
LiCI 1 15 cm. after dyeing = 10.8cm.beforeit.) 27.5 
NH;CI x 2 — 10.2 : 32.0 „ 
NaCl x u = 10.1 e 32.5 „ 
KCI 3 Pr ER ar 34.1 „ 
LiC1 1g 15 cm. after dyeing = 10.4cm.beforeit. 30.7 % 
NH,CI k = = 9.8 } 35.0 „ 
NaCl 2 5 = 9.17 D ER 
KCI e r = 95 R er 
LiCI 3, 15 cm. after dyeing = 10.3cm.beforeit.) 31.3 %%, 
NH,CI N B — 9.8 3 35.0 „ 
NaCl n A — 9.1 p 35.5 „ 
KCI ei : =rg5 “ I,» SR 
rH 

ditto. 1 Same figures as with 3’, millimol. ditto. 


The investigation will be continued in different directions, in the 


first place more attention will be directed to the influence of tem- 


perature. 
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Chemistry. — “The mutual. influence on the electrolytie conduetivity 
of gallie tannie acid and borie acid in connection with the 
composition. of the tannins”. By Prof. J. Börsekun and W.M. 
DE£Rns. | 


(Communicated in the meeting of November 30, 1918). 


By the researches of Emıt, Fischer ') and others on the polydepsides, 
it is now very probable that the tannin of the gall-nut prineipally 
consists of a mixture of the pentadigalloylethers of «- and ?-glucose, 
in which the two galloyl groups are coupled in such a manner 
that the carboxyl group of the one tannie acid molecule has been 
esterified with one of the OH groups in the meta position of the 
other tannie acid radical, thus: 


If this conception be the right one, then the influence of the con- 
duetivity of this substance on that of borie acid should be consider- 
able, viz. should agree witli that of five mol. pyrogallol + five mol. 
pyrocatachol per molecule of the tannin. 

Here however two circumstances ought to be considered. In the 
first place a solution of..the tannin, because of ‚the high molecular 
weight (+ 1700) has the, character of a colloidal solution and a 
priori it is not certain that it will behave like an ordinary solution. 

However a qualitative experiment showed that the increase of 
the conductivity was considerable, so that the solution of the tannın 
behaved quite normally as regards that phenomenon. 

In the second place the tannin must not be compared with pyro- 
gallol and pyrocatechol, but with the esters of gallic acid and of 
protocatechuie acid. 

Therefore we have first measured the influence, which the con- 
ductivity of the gallie acid ee exercises on that of boric 


acid. 


t) Berichte 45, 915 (1912). 


908 


Increase of conductivity of a 0.5 mol. H3BO; solution at 25° in 


KOHLRAUSCH-HOLBORN-units X 108. 


c p u ei : | Gallic acid Tannin ofthe 
onc. |Pyrocatechol. _ Pyrogallol. Gallic acid. | methyl ester. | gallic acid 
Ye m. 137.2 136.2 | 61.8 | — — 
"TBB 88.3 1033 Ho] 27.9 212.5 | 

jan 11.4 | „. 137.8 | 

28 » 1.5 89.5 

'/os6 n —9.3 | 53.1 

Use —13.5 | 30.7 

"1024 » —14 | 


This influence proved to be very great. 

We had expected it to be greater than that of gallic acid. From 
the researches on free acids it was proved that here two influences 
are making themselves felt; the first is the eventually increasing 
influence of borie acid on the substances; the second is the decreasing 
influence of borie acid as «a medium on the conductivity of the acids. 

With an acid of the strength of gallie acid this decreasing in- 
fluence is rather important; the dissociation constant is equal to 
#=+x%x 10-5, so it is situated between that of glutaric and adipie acid. 

From this one may fix approximately the decreasing action of 
different dilutions in percentages of the original conductivity '). 


| 


Acid. K25 X 105 1/04 mol. Iyg mol. gg mol. 9a mol. 
= 1 | 
Glutaric acid. 4.11 25 I 188 mar | 2.2 
Gallic acid. 4.00 12.7 (14.2) -ar._) 21.7 
Adipic acid. 3.26 12.9 12.1? 17.0 22.3 


Instead of the increases of the conductivity which were found, 
one calculates the figures mentioned below, viz. one obtains figures 
entirely of the same order as those fixed for pyrogallol and pyro- 
catechol; they are distinetly higher even and approach those of 
gallice acid methyl ester. From this.one may draw the conelusion 
that the carboxyl group in the benzine nucleus exercises an increasing 
influence on the rise of the conductivity caused by pairs of hydroxyl: 


!) Recueil 36, [77 (1917). 


- % 
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groups, favourably situated in regard to each other; this appears 
directly if the acid H is substituted by methy], but may be indireetly 
deduced when the negative influence of the medium (borie acid) 
on the conductivity of the free acid is taken into account. 


re ge After 
Dilution. Found. correction 

16 61.8 173 

32 21.9, 125 

64 11.1 | 97 

128 1.5003 83 


After having acquired these data the influence on the conductivity 
of borie acid — tannie acid was measured. 

To this end tannin of the gall-nut was used (as the only tannin 
available at the present moment) which we prepared according to 
E. Fischer and FREUDENBERG (loc. eit.) and from which /ree gallie 
acid was eliminated as well as possible. _ 

Supposing the molecular weight to be 1700, the following figures 
could be deduced from the measurements. (Conductivity of a 0,5 mol. 
H,Bo, =27 X 10K.H. units). 


= 


Be: Innate con- | Conductivity i = r 
Dilution. ductivity | -+0.5 m HyBO;. ATannin H;BO; (ATannin SE Ay,BO;) 
213 91.6 | 350 + 230.3 
426 57.1 229 143.8 
852 35.5 153 89.4 
1704 21.8 105 55.1 


From these figures we see that the increase of the conductivity 
is very considerable; in a dilution 213 even it is markedly higher 
than that of the gallie acid methyl ester in the dilution 32. So the 
molecule of the gallie tannie acid forms a complex borie acid compound, 
many times stronger than that of the gallic acid methyl ester, which 
already heightens the aeidity so strongly. 

This result in the first place entirely agrees with the structure of 
this tannin fixed by E. Fischer, there are 10 pairs of favourably 


 situated hydroxyl groups in every molecule. 


59 
Proceedings Royal Acad. Amsterdam, Vol. XXI, 


910 


In the second place it is of importance because we learn to under- 
stand the very intense action of borie acid on the vegetable organism; 
it stands to reason that small quantities of this substance must 
exereise a considerable influence if it is able to turn the very common 
tannins from almost neutral substances into strong acids. 


Org. Chem. Lab. of the Technical University. 
Delft, November 1918. 
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Physics. — “Magnetic properties of cubic lattices.” By Prof. L. 8. 
Ornstein and Dr: F. Zuanike. (Communcated by Prof. H. A. 
LoRENTZ.) 


. (Gommunicated in the meeting of September 29, 1918). 


The well-known model of Ewına has been treated more in detail 
by different scientists. A few have taken the very unsatisfaetory 
standpoint, that elementary magnets are distributed at random in 
space‘). More in accordance with reality is the supposition, from 
which W. PeppiE ’), and later on also Honpa and Okupa’) have 
started, that the magnetic particles are arranged in a cubie lattice. 
The reasonings however show two important fallacies. 

In the first place they neglected the demagnetising force in a sphere; 
accordingly they think that dipoles cannot yield a result, which 
made them unnecessarily consider magnets of finite length. In the 
second: place they considered only those rotations at the research of 
stability, in. which the magnetie axes of all particles are moved 
in mutual parallelism. 

As. will be shown hereafter, the consequence of this unfounded 
limitation in the freedom of motion of the particles is that the 
stability becomes much greater than is in reality the case. 

lf we sweep this limitation, we find that the arrangement of 
magnetic atoms in a cubie lattice is unstable without exterior field. 
A body of such a structure, can therefore possess no co&reilive 


-force. 


EM We consider a cubie lattice with edge d. In the corners of 
the lattiees we imagine dipoles possessing the strength », and which 
can rotate freely. Be those dipoles directed all parallel t0 an edge 
of the. lattice by a strong exterior field 7. Now we put the question 
how far the exterior of the field must be weakened to reach the 
limit of stability. If the system without exterior field is stable the 
intensity 7, at which this is the case, will be negative. 

The magnetic properties of the lattice considered will consequently 


» 1): Gans. u. Hertz, Zeitsch. für Mathematik und Physik. 
2) Edinburgh Proc. 195 and 7. 
8) Phys. Review, X, 1917, p. 705. 
59* 
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— if H, is negative — be roughly speaking analogous with those 
of a I magnetic body with hysteresis. If on the contrary we 
find a positive value for H,, we have to do with a body witbout 
hysteresis that can only be magnetised up to saturation by a strong 
field 4,. With a weaker exterior field the magnetie atoms will not 
remain totally direeted and eonsequently M will decrease. We shall 
deduce for that case tbe connection between the intensity Z] and 
magnetisation, in other words: the permeability. 

In order to find from A, the coßreitive force H., we must bear 
in mind that the latter is efnan as the negative interior field required 
to make the magnetisation change its sign. This interior field will 
always be found by adding the field H.on, which is caused by the 
magnetised body itself, to the exterior field H,. The field A.n must 
be caleulated on the supposition, that the body has a continuous 
space-magnetisation. 

So we have _ 

H= H,-+ H,.n and especially A.=— H; — Heon- 

Here — Heon is the so-called demagnetising force. By this defini- 
tion A. will become independent of the form of the body considered, 
which consequently is not the case for A,. In the preceding para- 
graph we must consequently read for H, everywhere A,—+ Hen- 
In our au we shall always take tt limit spherical. Then 
H.on is — '\,M 

It is easy to demonstrate that A, becomes =0 when we impose 
on the turning of the atoms the limitation discussed above that their 
axes always remain parallel. For this purpose we only have to sum 
up the reciprocal energy of two dipoles over the whole lattice. From 
considerations of symmetry we then find that this sum is zero. ') 

We shall give another proof of the theorem mentioned, the principle 
of which can also be useful for our further caleulation. 

We choose a system of axes parallel with the edge of the lattice 
and take the origin in one of its points. We imagine in all the 
points of the lattice except in the origin, Northpoles of unity 
strength, and we imagine the lattice limited by a very large sphere 
about O0. Let V,(@,y,2) represent the potential in a point »,y,2. The 


potential of dipoles with moment p in de «-direction is RE: 
x 
97, ey BF, 


| a 
in. the x, y and z-direction. The potential energy of a dipole 


the intensity in O is consequently » respectively 


')H. A. Lorentz, Theory of Electrons. Note 55, p- 208. 
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” . . A 4 
with moment p’ in O will consequently be pp’ a when this di- 
ns 


pole was also directed ‚along the «-axis, whilst it amounts to — 
‚®P, 
pP Iydır 
When we place in all corners equally directed dipoles, we can 
dissolve these in. dipoles according to the direction of the axes in 
components with moments 2, Py, P:- And so the potential energy 
of the dipole in the origin is: 


when the last dispole is directed along the axis of Y. 


Bit, BR BOT a, 2 DAR; I 
Piz 5. Di HPA Br, 


Y9 De r 9°V, 
PePz sd. rt Pilee £ 


On account of the symmetry the three mixed differential-quotients are 
TEEN OFT. 
On yes Pd: 
differential-quotients are also zero because V, fulfills the equation of 
Laptace. In consequence therefore the interior energy of the lattice 
is zero, independent of the direction of the dipoles (provided all 
dipoles are parallel). So a very weak exterior field will be sufficient 
to let all dipoles assume the directions of this field, in other words: 
H, is zero. 

The same result holds good for the two other Bravaıs cubie 
arrangements: the centred cubie and the plane-centred cubic lattice. 
The limitation used thus yields.a coereitive force which is equal 
to one third of the magnetisation of saturation. For steel the coer- 
eitive force is at least 80 times smaller. 


°. Consequently these 


zero, and we have further 


2. In what follows we shall want the potential V of a rectangular 
lattice with unequal edges a, b, and c for the case that every corner 
carries a pole of unity strength; this potential depends upon the form 
of the boundary even if we imagine it at great distance. We shall 
avoid the difficulties of the‘ boundary by the following artifice. 
Besides the point-charges 1 in the corners we give the body a 
homogeneous space-charge of — 1 per volume a, d,c. In total the 
body is thus uncharged and the parts at a great distance of the particle 
considered have a vanishing influence. So we are able to calculate 
the potential 7’ for this case of a lattice infinitely extended in all 
direetions. From this we shall then find V for the case of a sphere 
by adding the potential in a homogeneous sphere with a charge-. 
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density + E which with exception of a constant is equal to — 
abe i 


+ te 
babe 
We begin by caleulating the potential U, which is caused by the 
charges Iying between the planes z= # }c. Evidently U is a peri- 
odieal funetion of x and y with the periods a and db. So it may be 
represented by a double series of Fovrıkr: | 


Iram 2ın eo 


IE 


U == > Zun 008 


’ 


in which for the sake of symmetry only the cosinus appears. The 
eoeffieients Z,. are functions of z, which can be determined from 
the equations: 


1 i 
LU=- for |z|<{ $e AU=0 for |z| >%e 
abe 


with the eonditions of limit 


van 7a 28 AT ante Pop lad 
2 af ER =) (z). BEE $c. 


Now the Fourikr-series for 20 may be twice differentiated, so 
that after substitution in these equations every term separately must 


1 
fulfill the homogeneous equations, and Z,, the equation AZ, = — 


abe 
From this we shall find 


0 64 ic E} E 
Zu } . i > . Zu Be el i=2r r: + 3 
(Ge—|z]|) n ar Ted 
12| < te 
2abc 


In order to determine still Bm we can take z=0 and use the 
ordinary form of coefficients: 


a b 
ab 2 2 
a Ban — für fay U ,—o cos = x c08 Be y 
0 0 


a 


j ) £ BR) 
in which when m or nare zero we must have —. ForU,_o we have 
5 = 


ui 


| 1 
; dar 


in which »;; is the distance to the point (ta, kb) and Ci. the potential 
of the parallelepipedum abc with that point as centre, homogeneously 
filled. For the sake of convergence we shall here for a moment 
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introduce 7-1 e=": as law of attraction and in the result take e—(0. 
Then we can write 


En . 
"ik 


U;=o () = C(e) ch =>) 
ir Anrig 
where ((e) is the potential of the infinite space homogeneously 
filled, and thus is a constant, only dependent on e. 

If we substitute the values of U(e) in the double integral, the 
term (C(e) will consequently yield zero. In the other term the sum 
and the integration may be interchanged. The various integrals may 
then be united into a single one over all rectangles. And so we 
obtain: 


2ın 
> ” un, end s 
4 3 —— nV de dy. 
Kup 4r sie. +y” 
By introdueing pole-coordinates this integral may be reduced to 
2 für fo (b inyg)dp = J1|J dr — 
0 0 0 
and thus for e=0 


1 
"eovcr: rei 


ab 1 

z m 5 
The potential found can further easily be summed up for all the 
layers of distance c in which the lattice may be divided by planes 


perpendieularly to the z-axis. In a point for which O<{z<{d4c all 


layers under the point yield . 
(de— 2)’ } | arm aan 
+ ZBmfje # tete + et) +...008 © cos Wi 
Zabc 
lie), e 2 2m rn 
Be + 2 Ban ra > = ——ı cos Yy 
and all planes above it 
e Ic) 2n Irn 
3 Bun cos “= 008 — Y 
1 le 
so 
_ (&e-2)’ 2 e-iz + erle) 2nm Inn o 
{ SS —_ - 2 708 — #2 08 —Y. . (l) 
Mar Babe + all 1-e-k a a 


in which the sign =’ means, that we must take half of the terms 
for which m=0 or n=0, whilst there is no term fr m=n=!/. 
For the spherically limited lattice without space-charge we ulti- 


nately find 
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En am ER a in 16 
a: babe 2abe i 


where ‚S represents the series 2’ of (1). 

Formula (1) evidently holds good for 0 <2 re 

From the potential V determined in this way we can find 
as above the potential energy of a dipole with the components 
PP’ pP’, when the latter is placed in a point (x, , 2) of the field 
caused by dipoles p,, ?, P; In the corners of the lattice. 

The expressions 


dev | ov 
= (pen ga + + pet PP 


“will represent this energy. 
From (2) follows for the derivatives of second order oceurring 
in this expression 


02V’ 9S 1 09V in N | 
du 0m? Zabe dy? = oy? 3abc 
0”V 0S 3 0V 0° 


== ; ei ee Fa 
02° 1.02. % Sabc dydz  Oyde (3) 


3. In order to examine generally the stability of the system 
deseribed in (2), we must study the behaviour of the quadrie form, 
representing the potential energy as function of the variables deter- 
mining the direction of all dipoles. The diffieulty of this problem 
does not lie so much in the great number of variables, as in the 
impossibility to form a single series, in which the variables relating 
to neighbouring magnets, follow each other elosely. 

This diffieulty does not present itself in the case when there are 
dipoles placed on one line at mutually equal distances. There the 
stability may easily be examined in the. well-known fashion with 
the help of a determinant. We shall mention a few of the results, 
as they may guide us in the case that has our attention. If all’ 
magnets are directed by a field parallel to the line, the system is 
still stable if the field is abolished. If we apply a slowly increasing 
field, contrary to the magnetisation, there may be indicated a definite: 
group of small deviations of the dipoles, for which the system first 
becomes unstable. These displacements are such that the magnets 
lie in one plane and alternately will make angles + Y and — p 
with the direetion of the field. The coereitive force found for this 
displacement of the magnets is only one third of the force found 
from the supposition, that all magnets turn parallelly. 
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For the case of the ceubie lattice the analogous general method is 
impracticable for the reason mentioned above, but it is clear that 
also there we must find- the combination of deviations, which 
most easily leads to an unstable position of the magnets. This 
combination must serve in caleulating the coercitive-force, and it 
will yield for this quantity a smaller value than all other virtual 
displacements. Led by the analogy of the above mentioned simple 
case we shall examine those combinations of displacements, in which 
the dipoles of the lattice are distributed over two equal groups, 
which show an opposite displacement. Further it will be favourable 
in order to get unstability if the magnets with opposite deviations 
are placed as alternately as possible. 

We can obtain a division into two groups by starting from a 
plane through three arbitrarily chosen points of the lattice and 
then using the system of parallel planes which contains all points. 
The dipoles lying in such planes can be assigned in a systematic 
way to each of the groups. The most obvious metbod is to count 
the planes alternately to the first and to the second group. Let the 
chosen planes divide the three edges of the elementary cube, respec- 
tively in /, m, and n parts. The dipoles on the «-axis will belong 
alternately to the two groups, when / is odd, but all to the same 
group if / is even. From this it follows that in prineiple there are 
possible only three divisions into groups i.e. dipoles along tlıree, 
along two or only along one axis belonging alternately to different 
groups. These divisions can be obtained by starting respectively 
from the octahedron, the rhomb-dodecahedron or the cube-plane. 

In the same way we can examine the distribution of the points 
of the central eubie lattice, by paying attention to the question 
whether the dipoles Iying on three of the cube-diagonals belong or 
do. not belong to different groups: Here the two last cases appear 
to be. identieal. Consequently there are only two possibilities, which 
belong respeetively to the octaeder and (he rhomb.-dodecahedron plane. 
When we consider the distributions of the plane-centred eubie lattice 
we can take three diagonals in ibe sides which meet in one corner. 
Then the first and the third case are identical and belong to the 
octahedron-plane, the second case belongs to the cube-plane. 

With each of the lattices ‚mentioned we meet with a way of: 
the deviations that will yield no sharper ceriterion for the stability 
than the deviation in parallel. of all dipoles. These are the distri- 
butions that belong to the octahedron-plane. For it is evident that 
for each half separately the equivaleney of the three directions 
of axes still exists. Analogous to what has been discussed sub 1 it 


918 


holds good not only for each part separately, but also for the parts 
mutually, that the energy is zero for every position of the dipoles. 
The eoereitive-foree thus becomes again a third of the magnetisation 
of saturation, for other divisions into two groups a much smaller, 
even a negative value being found. 

There are still many other divisions into groups conceivable, which 
perhaps may be of interest when another direction of the exterior 
field is chosen. So e.g. the division into three groups. .In the case 
exclusively treated here where the field is parallel to the edge of 
the cube, they appeared to yield a greater- value for HA, than that 
calculated below. 


4.. We shall take the y-axis in the direetion of the exterior field, 
the &- and z-axes along the two other edges. For an arbitrary division 
into two halves the dipoles of which are directed parallel to the 
xy-plane, and form angles + and — with the y-axis, we can 
indicate the energy as follows. Every dipole may be decomposed 
into a y-component pcosp and an x-component psin p for the one 
and — p sin p for the other group. The y-components form a com- 
plete cubie latlice and their mutual energy is consequently zero. 
In. consequence of the exterior field 77, each dipole has an energy 


pH.cosy and so tbe dipoles together an energy of z HA, cosy per 


d 
unity of volume. Also the magnetical energy of the «-dipoles and the 
y-dipoles is zero on account of the cubie arrangement of these latter. 
The mutual energy of all x-components thus remains to be caleulated. 
In order to determine this we imagine the »-components -of the 
dipoles of the second group inversed in sign. 

Then all are directed in the same way and their mutual energy 
is zero. [f now we inverse the dipoles again then only the mutual 
energy of the two groups becomes different in sign. The energy sought 
for of all dipoles together is thus equal to twice the mutual energy 
of the twa groups. We shall now calculate this with the help of (2). 

Call the potential caused by unit-poles placed in the first half V, 
then the energy of a magnet with moment — psing in the field 
of the first group the dipoles of which have a moment psing is 
according to what preceded 

ma 035 

p er 
or per unity of volume 

p’ 09V 


— in’ p—. 


2a’. dx’ 


vl 


| 0) 
we can always calculate N 
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The total: ver per volume- -unity is thus: for the system 


p p’ ıWV 
m + gr - 


“ The second Bali with respect to p of this expression is for 
FI -0 


Ba pen a a ...(4) 


j - 2p3.0°V 
P u, 2P' 
d’ d’ 0a° 
The energy is a minimum and the equilibrium stable as long as 
it is positive. 
For the limiting case 'we En 


9"v 
A, Zee 
And Di the coereitive force becomes 
B Fa H. 0, 07 =. 0?S (5 
nn ie a 


the last adling to (3), where abc = 2d?. 

When this formula yields a negative value a positive field stronger 
than —— H. is necessary to make the position =0 stable. 

For’a weaker’ field we find the equilibrium-positive from the first 
derivative of (3) 14 


Hsıngp + 2p sinycop— 0 
s 5 0@° at 
or 
ö° Kir 
cop = — H/2p 33 
Bl, p cos p ee 
The magnetisation is here / = Fa ren ei Hc= ß. The 


magnetic field within the sphere 5 UV—%3/= U(1—4#B) and the 
inductive U- /= U 1-9. The constant permeability of the matter 
is consequently 


d°H, 100; 
a 
u #H. z 
RB ER ; 

iz 


For the divisions into two groups, which we have discussed sub 3 
2 


Korn 28% Br 
— according to the series found in 2 and 


the relation (2), where in some cases we must turn the zand z axis 
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over an angle of 45° or interchange the x, Y and z axis. The series 
always show strong convergence; for the following numbers, the 
caleulation of 8 terms was only necessary in one case. 

The table given below gives the values caleulated for A. in this 
way. For the cases in which the lattice is unstable, the permeability 
is indicated in the unstable direction. In the third to the fifth column 
the values of a b and c used in the caleulation are mentioned. 


u Fe Is la lea 
5 | | = a 
11 Ve | 
| +1.104 | 
010 et 1 0.0521. 14 
Cubic | 0.0521 | 14 | 
| +0.546 | 
| 011 ı | v2 |'yv2 | +0.546 | | 
0.0925 3.2 
111 Uz | 
Centred | en | 
cubic | ot ı |v2 N 40.440 | 
| +0.1209 | 
| | 1 | I | 
Face centred | +0.668 | 
cubic | 001 Yav2 1aV2| 1 | +0.1610 | | 
| | | +0.1610 | 


We must remark, tliat for the three cases always oceurring with 
equal values of a, band c only one caleulation was necessary. For we 
can interpret them as belonging to one and the same division in 
two groups, but with the exterior field successively in the three 
direcetions of the axes. According to (5) the values of H, belonging 


to it will taken t ä 
aken together be equal to am Moreover on account 


of symmetry only ıwo are always equal to each other, so that only 
one inust be caleulated. Tlıe smallest value of AH, for each lattice is 
printed in bold type, the others have importance mainly for the 


En Zn 
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caleulation. So the centred and the plane-centred show coereitive 
force, and even in a degree much too great for steel e.g. 

In all our considerations we have left unconsidered the heat- 
movement. The magnetic properties found here are apparently always 
represented by magnetisation-curves consisting of straight lines. 
These broken straight lines will no doubt be rounded off by the 
heat-movement, and consequentiy resemble more those under obser- 
vation. Another cause for the rounding off must be looked for in 
the fact that the real materials are aggregates of crystals Iying at 
random in all directions. For the present we draw the attention for 
the effect of this cause to the well-known theories of Pırrrk Weiss. 


Institute of Theoretical Physics. 


Eren September 1918. 


Groningen, 


Physics. — “On the theory of the Brownian motion.” By Prof. 
L.:S. Ornsteı and Dr. H. ©. Burger. (Communicated by Prof. 
H. A. LoRENT2). 


(Communicated in the meeting of September 29, 1918). 


Prof. van pkr Waars JR. has developed in these communications!) 
a new theory of the Brownian motion. We shall demonstrate in 
this paper, that. .he has, made use of various wrong suppositions and 
theses in his reasoning. 


1. Van DER Waaus starts from the equation of motion ofa Brow- 
nian particle in the formula: 

2), 5 57. ee 

Here wi) is the force which the partiele experiences from the 
molecules of the liquid. The force w(t) is a magnitude depending 
upon chance. 

In order to arrive at a theory of the Browniarı motion v.D.WaaLs 
introduced the supposition that a,w(t) — the product of the veloeity 
at the time zero and the force at the time ? — is zero “on an 
average over all particles ?). 

Now we can understand the average in two ways, viz.: 

a. at a given initial velocity =, thus (1%) — 0. 

b. at all possible initial veloeities, in which case the distribution 
of velocity according to MAaxwens must be taken into eonsideration. 
VAN DER WaaALs uses the average in the way last mentioned. 
We shall also examine to what the supposition leads if we apply 
the first way of determining the average and show that the deter- 
mination according to (a) as well as v. D. Waars uses it leads to 
impossible consequences. 

In this purpose we take down the first integral of (1), which is 


= (oa. a 
) 


If we determine the average according to (a) we obtain 


!) These com. Vol. XX. 1918. p. 1254. 
3) cf. p. 1258 of the paper quoted. 
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which in physics is an impossible result. 
If we square (2) and determine the average according to (a), we 


obtain 
t 


E + | fe) a0| 


0 


a result which, as is immediately obvious, is opposed to the theorem 
of equipartition, as the average of the second member is essentially 
positive, so that if e.g. x,’ is more than the equipartition-value, 


this would also be the case with @*. If we determine the average 
of the square of (2) in the supposition (5) we find 


t 


fo a0 


0 


BEE 


'And as now x,? in this case has the equipartition-value, «° would 
be essentially more than this value, which contains a contradietion, 
as the average square of the velocity must be equal for all particles, 
at any moment. 

VAN DER Waans has made use of the second integral of (1) viz. 

t 


z=#,-4 z,t + [w(9) ((—9) d9 
0 
to arrive at his theory. In the same way as above we can demon- 


strate that this combined with his supposition x,w(t) = 0 leads to 
incorreet results, contrary lo theory and observation. For if we make 


up @&—a, = A’, supposition (a) yields 
t 


fe (t— 9) dY N. 


D<-2't+ 


And as the average in the second member is positive the highest 
power of t{ which occurs in 4°’ will as least be 2, consequently 
v.D. WaaLs’ supposition comes into conflict with the formula A’ = bt, 
which he applies himself (p. 1257 l.e.\. If we determine the average 
according to (5) the only difference is that ©,’ must be replaced by 
the equipartition value of the velocity-square, so that also in deter- 
mining the average according to van Dex WaAus the formula used 


by him combined with his supposition 2,w) — 0 leads to an incor- 
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rect result. Besides the negative conclusion that the theory of v. D. 
Waars ought to be rejecied some positive result can be deduced 
from our caleulations. 

The formula (1) is just as much a matter of course as it is right ') 
and consequently there must be a mistake in the supposition 
z,w() = 0, while there can be no difficulty for anyone in seeing 
that everything is all right when this magnitude can become negative 
for fixed values of {. We shall in this paragraph use the average 
according to (a). As x, has been given ‘once and for all, the above 
reasoning shows, that w(t) for certain values of t must possess the 
opposite sign of «,°). Now van DER Waars has rightly drawn 
attention to it, that according to statistical mechaniecs for t = 0, w(t) — 0. 
Besides it is evident, that for 2 infinite the average value of wit) 
undergoes no influence from x», and therefore must be zero. The 
course of w(t) may consequently be imagined in a way as represented 
by the accompanying figure (where x, has been supposed positive). 


ea 


-Wfe) 


Of course the curve may be more complicated for example wit) 
might oseillate round the axis. If now we caleulate w(t) according to 
the Eimnstein-LanGEvin formula, we find, if we take into eonsideration - 


that P(t) is equal to zero: 
wlt) = — Ba + Fi) = — BeRt z, 


!) From the formula (1) we can deduce the relation A?= bi if we introduce 


suppositions, it is however impossible to find the value of b, without penetrating 
into the mechanism of the Brownian motion. fl 


u) There are cases, when this is not so necessary according to what precedes 
but if x, is more than the equipartition- value, it is certainly the case. 
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For t=0 the line, which represents this course, deviates from 
the true curve. The important agreement existing between Eınsrkin’s 
theory and the experiment now makes us presume, that the true 
w(t) —t curve and the curve according to Einstein only deviate 
from each other for short times after the departure of the particle 


with the velocity x, that so the maximum in the true ceurve lies 
close to ?=0, and that from this maximum onward it descends 
pretty well exponentially according to Eınstkin’s curve.. It goes 
without saying that these are only assumptions, which a caleulation 
of the true w(t) eurve must prove from the molecular theory. We 
are however of opinion that it is worth while to point to this 
possible interpretation of Eınstein’s master-stroke in the theory of 
the Brownian motion. 


$ %. Van DER Waars’ theory further rests on the thesis that the 
magnitude 


wm) =... 2... 8) 
i 


is essentially negative, if only £ be not taken to small.. 

Perhaps it is not quite superfluous to demonstrate after what 
precedes, that this thesis is not right; expecially as an integral of 
the same kind used by one of us may be treated in the same way'). 

When z(t) is a function determined by chance, of which tle 
character is not dependent upon the time, we can represent it for 
a long interval by a Fourier-series, the coöffieients of the Fourikr- 
series determine the nature of the accidental character ?). If so 


‚ 2nnt Zn 
w(t) = 3, | An sin m + B, cos Ce ; 


when w(t) = 0, we must have BJ, =. 
The caleulation of (3) becomes simple, when we apply that 


1!) Compare L. S. ORNSTEIN. On the Brownian motion. These Proc. XXV, 


1917. p. 96. 
2) When we have to do with a function of accidental character, even then 


the conduct of this function may very well depend upon the time. If we consider 
e.g. the length of the path in Brownian motion, we get for all times a =0, but 


A?=bt, for the velocity however we have 9 —=(0. v2 is constantly independent of 
the time. For the force something analogeous as for the velocity ought to be 
_ assumed. By going further into the mechanism of the motion, this can be rendered 


plausible. 
60 
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t t t i 
f (9) (9) 9 = -f af: w(9) dd 
) 0 0 


or as the zero point of the time is arbitrary, it may be replaced by 
+3 ti 14H 


f (9) (+54 9) di) ER Ar * w(9) d9. 


r 
> 


The average value in question may now be represented by 


t 7: ti ı# 
1 
wit) | we) (t— 9) dA T dg ws) [at (100) dy., 
0 0 0 ; 


For the sake of simplification the time-unity may be chosen so 
that the time 7’ is equal to 2x, thus we find 


Ft 
iR Ay Bn. h e 
vwd) dA —= 3 = — feos n(t +8) — cos nt + — Isinn(t +8) — sin ns} 
n n n 
3 
which once again integrated with respect to ?! from o to £ yields 


A, 
Z |- = sin n(t +8) — sin nst + 


An Bn . Dr . 
+ —teosnE — — feosn(t + 8) —cos ns} — — tin "| i 
n n n 
This expression must subsequently be multiplied by 
wie 8) = 2jAsinn(t +8) + Bucosn(t + 9} 


and thus integrated with respect to & from zero to 2x. Then all 
terms of the product in which n has odd values fall out. At last 
the average value sought for is given by 


t 
1 0% Cr 0% 
(| 140) (—9) d$4 = >. > (- + — cosnt + — tsin ") 
- ar an 


n In” 
where („= A,’ + B,°. In the usual way this sum may be converted 
” . ” . r ; 
into an integral, in which the average value = is represented 
MM 


by /{m)'). In the average value described we find in this way 


» By PLANcK, EINSTEIN, LAuE series of FOURIER have been applied in the 
discussion of questions of probability (e.g. average values). 
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[# ) (mt sinnt + cos nt— 1) dn!). 
0 
The sign of this integral may for larger values of t be made 
quite arbitrarily by proper choice .of /(n). That it should be essen- 
tially negative is consequently riot true?). 


3. In the quoted paper by Ornstein the first theory of the Brownian 
motion as developed by Dr. SxertuLaee and J. D. v. D. Waaıs was 
eritieised on the basis of the fact that it comes into eonfliet with 
the theorem of equipartion. 

There the thesis was made use of that 


| fnmena!. 2.5. (5) 
0) 


is proportional to t. Here w(£) is a function subjeceted to chance, so 
that the average value is zero°). In a note VAN DER WaaALS says: 
. “This change of sign (of (6) w(9-++d) was overlooked by ORnsTEIn. 
In eonsequence of this he arrived at the remarkable conclusion, that 


Se de: ee 
it is not allowed to accept that jr? u’=(0. For from this it follows 


according to his caleulation that «* is not constant, but the sum of 
a lineary and periodical function of t!” 

It is necessary to remark in contradietion to this, that the diffe- 
rential equation *) of v. D. WAALS—SNETHLAGE ViZ. 


t 
)) For i=& this expression becomes equal to — f (0), is thus essentially positive 
P 1 pP 


(i.e. f is essentially positive). 
For very great values of ? we can require that the average is © (l), then we get 


" 2 
rn ra) sin nd di. 
n n 
0 
for very small values of i the average value is also positive. 
2) The proof that v. D. WaALs gives of the disputed thesis by differentiating 


A®2 (p. 1331 of his paper) is not right. The formula A?=bt is deduced by a 
transition to a limit, and tbe process is such that in differentiating 1? we do not 
get b as A cannot be differentiated. 

3) Compare ORNSTEIN, these reports XXI, p. 96. 

4) The equation, which is treated by both authors as a differential equation, 
- does not apply, as they suppose, to arbitrary kinds, but only to the commencement 
of the movement, compare ORNSTEIN and ZERNIKE, These Proc. XXI, p. 109. 


60* 
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d’u 
di? 
eads to incorreet results. For we get according to their equation 


= —out+tw w=0 (given ad u and «,) 


=, et 21a 
„ — (" 008 ot -H = sin «) + e | fe sın o(t—$) de 
0 


and as we shall once again prove further on the last average value 
is proportional to i. From the suppositions Of VAN DER Waars and 
Miss SnerHunaen the remarkable conclusion does really follow, that 
the velocity of a Brownian particle should increase infinitely. 

The proof of the thesis that (5) is proportional to t, which isonly 
slightly different from a deduction given by Pranck already in 
another connection, runs as follows. The integral may be written 
in the form: 


BE 
So ww sin o «8 in ot) as ay. 
oo 
or if we interchange integrating and determining the average: 
[ WS) W (n) sin e(t—8) sin g(t—n) dS dy. 
oo 


If now we introduce „= &-+ %, we get 
t au 3 
J d& sin ol —)5 [| WE) WE+HW) sin et 5 y) diy 
0 nl 
In this form we again introduce for Ww a FoUrIER-series in which 
W,=0, whilst we must take B—0. 
We then find for the average value 


WS) WEHW)= 2(4*,4B*,) cos = any 


So that the integral in question if for the sake of simplifieation 


2ın 
we take mal becomes. 
I 
fer E 945 [2 (An’+ Bu’) sin g (—E—W) cos OnWw dw — 
5 e> n 
t I—$ 


= 2(4,°+ By’) |sin olt—&)dE | sin e(—E—1p) cos on dp. 
0 Be 
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"While caleulating these integrals we need only take into account 
terıns, which get the highest power of o—o, in the denominator, 
as only these contribute in. a way worth mentioning to the result. 
If we execute the quite elementary calculation we arrive at the 
result 


i ß 0== ga 
| f WE) sin’ g(t—S)ds 
0 


sin? 


(An’+ Bn’) 


n en) 
When ot is great we can write for this 


PO —Pn 


© sın? 5 t 
tT 
(a4 2) | dem (A+B) 7; 
(0 — 01)” 4 
in which A and B are the coefficients of the terms of the series 


; i 2arn f 
for which o, = o, consequently ner rather the integer that 


lies closest to this. 

As long as A’—+ B? differs from zero the value of the average 
in question is proportional to the time. A’ + B* is strictly zero, 
this does not hold good, but there is not a single reason to suppose, 
ihat in the Brownian motion the term of which the frequency is 
determined by og should just be missing in the Fourisr-series. But 
even should it be missing, we should on tbe basis of the suppositions 
of van DER Waars and Dr. SnETHLAGE arrive at the improbable 
result, that the average value of the velocity of a Brownian particle 
never reaches the equipartiton value. 


4. In van DER WaaLs’ paper it is urged that Laneevin’s deduction 
of the formula A?’ would contain an inner inconsistency. This incon- 
sistency is held not to appear in the theory that Mrs. Dr. Dr Haas- 
[,orentz has worked out on the basis of Eınstein’s formula. And as 
the starting point according to Einstein and that of Langevin are 
identical, it would be surprising if the one theory would be inwardly 
ineonsistent and the other not, unless Langevin should have made a 
blunder in calculation. This however is not the case; if we formulate 
the basis as was done in -OrNsTeIN’s paper, there exists no contradic- 
tion. As well Eınstein’s theory as that of Laneevin rests on the 
following suppositions 

du 


reg en 0022 (00) 


FEN.) 2 
se Bi kT 
Orts ao=7 =). ‚cr „jegui, VRRE 
provided we start from particles which at the time 2=(, have the 
velocity %,. 

If we accept this set of equations, which kinetically have not been 
proved, wiich however contains the inconsisteney developed in $1, 
we afterwards do not arrive at any contradietion. 

Van Dur Waaıs looked for it in the equation arising when (2) 
is multiplied by % and the average is determined, he wrote down!) 


which is really incorreet, but he forgot then that Fu is not zero, 
if we put ourselves on the standpoint of the suppositions 6(a, B, y); 
as ORNsTEIn demonstrated on p. 1011 of his paper. If we introduce 


for uF the value found there the equation adopts the form 


“ B 3: u —2At 
7 —  — 
ö dt a. =) 


ee 
For times large with reference to f} this is zero, whilst if the average 


is determined over all partieles it is always zero as u, — = 
B 
Now it is supposed in Langzvin’s proof that «70. It might 
be doubted perhaps whether this magnitude is equal to zero*). Yet 
this is the case. For we have 


d’x dı 
ze 
so 
t 3 
= 4 09) + ferras [ern rin ay 
0 0 
so 


!) LAngEvin has not developed any reasonings that could give rise to the sup- 
position that he puts Fu=0. 


2) On the fact that x F=0 rests the very simple theory which LangEvin gave 
of the Brownian motion. 
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3 
Fa=le, + Alzı )IF+F fr ern Fin)dy 
6 6 


The first term is zero according to 68, for the second term we 
can write by partial integration 


L. t 
. I Eye fe Fin)dy—F fr dy. 
et: 

The two last integrals are equal, as /'() F(n) is different from 
zero only if „ lies in the immediate neighbourhood of t. The value 
of both integrals, as proved in ORNSTEIN’S paper, is 2 

Thus it becomes clear that there is no question of inner contradie- 
tion, and that only the supposition about W(t) — incorreet through 
the times of commencement — is an error in the theory of Eınstkin 
and Langevin. As we showed in $ 1 of this paper the value which 
according to Eınstein’s formula is obtained for the average force at a 
given velocity at the time zero W(t) only deviates for a very short time 
from the real value of ihis magnitude. The fact that Eınstein’s for- 
mula leads to results which agree well with reality support the 
supposition that the relation 

1,20) =— Be, et 
holds with a very good approximation already a very short time 
after the moment in which all emulsion-particles possess the velocity 
%,. The true kinetic theory of the Brownian motion will perhaps be 
able to give an account of this fact. 


Institute for Theoretical Physies. 


Utrecht, Sept. 1918. 


Physics. — “The audion as an amplifier.’ By &. Housr and E. 
Oosrteruvis. (Communicated by Prof. H. A. LoRENTZ.) 


(Communicated in the meeting of October 26, 1918). 


In a recently published article G. Varraurı') communicated some 
caleulations about the audion as an amplifier. He points out, that 
under normal conditions, one may approximately represent the anode 
current of the audion I as a lineair function of the grid potential 
v and the plate potential V: 

T’/=ao+bV+e 

If in the plate circuit a resistance A is placed, it may be easily 
caleulated ‚that the variations of the current 1, in the plate circuit 
depend upon the variations v, of the grid potential in the following 
way: 

a 


1, Sr 
1+ bR 


vr. 


. Z Ä j 
Now Varnaun takes the ratio — as a measure for the amplification. 


v, 


It appears to us that more satisfactory results are obtained, if we 


I. 
do not assume — as the amplification, but the dimensionless ratio 


®, 
of the potential variations on the resistance R to the variations of 
RR | R 
the grid potential. The amplification then becomes G— : 2 5 and 
-- 


for large values of R: On = = 


If instead of a resistance a selfinduetion Z is placed in the anode 
eireuit, we get, if the frequency of the grid variations is n: 
re variation potential on selfinduetion rn La 
variation grid potential  V1+4Rnb’L’ 


and for large values of /: eh 
b 


In the case .of a capacity © connected in parallel to the self- 
induction Z we obtain: 


!) Nuovo Cimento (13) 169, 1917. 
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ee 2xn La 
V (1— 47 ’n® LC)? + 4n®n? d° 2° 
( now becomes a maximum for 4’ n’LÜ=1, i.e. if the circuit 
(ZC) is tuned to the grid potential frequency '). 


Er a 
We again find @yaur = T 
The amplification as defined above, has the same maximum value 


Be. GER : 
5 In any case, so that it indicates a property of the audion. That 


our definition is an obvious one, is readily seen in the case one 
has to do with several audions connected in series. The tension on 
the resistance or self-inducetion in the anode circuit of the first 
audion is connected to the grid of the second and so on. The ratio 
of the variations in the grid potentials of the two audions is there- 
fore equal to @, and so will be the ratio of the anode current 
variations. This latter ratio can easily be measured. Indeed we 
found the maximum ratio of the anode current variations to be 


Bon 
edgua oO — 
q b 


2. In order to increase the amplifying action of the audion, 
FRANKLIN among others have advi- 
sed the use of reaction eireuits, in 
which the plate current reacts on 
the grid cireuit, e.g. by magnetic 
coupling. 

We will discuss now, the charac- 
teristie properties of the audion 
that are of importance in reaction 
eireuits and more specially in the 
case of figure 1.°) 

We have assumed that in the 
secondary circuit a damped vibra- 
tion is set up, and that {he poten- 
tial on the condensor Ü, is of the 


form 
v—= ft) =w sin rn nt (l—e-?!) e=-! 


In this case we get the following system of equations 


1) While in the two previously treated cases, large values of R and L must be 
used to obtain maximum amplification, here normal Z and ( will suffice. 
2) See Varzauri loc. cit. fig. 7. 
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I=<a#+bV+o I=T HI, 
W_RL- 1U=0 ‚WM 
w— [1.d=0 V=E—-RI—W. 


Here W is the potential on the condensor (' and M the coef- 
ficient of mutual. induction of the reaction coil. 


From these equations a differential equation for W may be derived 


. dW > 
en 2 +yW=d+Raftt) + baf (t). 


where 
«e—=(L(l1 + bR) 
ß=CR(l+bR)+bL+ aM. 
y=1+b(R+R) 
d= R(e+bE). 
The solution of this equation is of the form 


ß — 
ern V 4a y—ß? 
W=--+e 2« Pan + v) 
Y 2a 
ter taw Asın (2rnt + y) 
— e-(rtr)taw B sin (An nt + W). 


If the cireuit (LRC) is tuned to the incoming oseillations 
V4ay—ß’ —=4ına. Putting the damping factor 2 — D we find for 
a 


the variable part of W an expression of the form: 
m ID(RER) Bi = ee, nt+ n) 
\ 1— e-(P H sin (2a nt +9) 
in which #, @ and H are functions of 0, oe, ZL, R and D only. 
The first four quantities are independent of the audion, the last 
one D however is a function of a and d, but by varying the coef- 
fiient of mutual induction M of the reaction coil any value of D 
may be obtained, so that independent of a and 5 the most effective 
damping can always be obtained. 
So we come to the conelusion, that in a reaction eireuit, when 
R and R' are not extraordinarily large, W, is proportional to a 


my 


: a 
and independent of the value v which gave the maximum ampli- 


fication in the previously treated cases. 


Eindhoven. Physical laboratory of Philips’ incandescent 
lamp Works Ltd. 


en U. 


Mathematios. — “Remark on the plane translation theorem”. By 
Prof. L. E. J. Brovwer. 


(Communicated in the meeting uf December 28, 1918). 


The plane translation theorem enunciated by me in Vol. XII of 
these Proceedings (p. 297) and completely proved for the first time 
in Vol. 72 of tbe Mathematische Annalen (p. 37—54), runs as follows: 

A continuous ome-one transformation of the Cartesian plane T in 
üiself with invariant indicatrix, but without an invariant point, ıs a 
translation all over the plane. 

We mean by this that each point of T' is situated in a translation 
field, i. e. in a region Iying outside its image region and bounded 
by two simple open lines not meeting each otber, one of which is 
the image of the other. 

Let it be the given transformation, 7 a translation field belonging 
to Z, „Z' for each positive or negalive integer n including zero the 
image of 7 for the transformation 2". The set of points 7’ —= S(„T) 

5 n 


can be represented binniformly and continuously on a Cartesian 
plane CU in such a way that the image of the transformation ? of 
T’ is a translation of C. Thus, if by a convenient choice of T we 
can arrange T’ to fill up the whole plane T, T can be represented 
biuniformly and continuously on a Cartesian plane U in such a 
way that the image of the transformation tof IT’ is a translation of C. 

However the question, whether for each transformation ta choice of 
T making T’ to fill up the whole plane T, is possible, must be 
answered in the negative, as was indicated by me in a footnote 
on page 37 of the quoted paper of the Mathematische Annalen, 
and as appears from the following example: 

In T we define a Euclidean system of measurement, and a rec- 
tangular system of coordinates founded on it. The straight lines 
y=1andy= —1divide Tinto threeregionsg, (y >1),9, 1>y >—JI), 
and 9, (y<—1). Each of the regions g, and g, we fill up with a 
peneil of lines y=c, and the region g, we fill up with a peneil 


"—°_, These three pencils together with the lines 
1+20—c 
y=1 and y=—1 form a pencil $ of simple open lines not inter- 
secting each other, and covering 7’ entirely. 


of lines y’ — 
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We shall now understand by t the transformation carrying each 
point P of T on the line of 3 passing through it along an arc of 
constant length 7: to the left, if P lies in g, or on the boundary 
of g,; upward, if P lies in g,; to the right, if P lies in g, or on 
the boundary of g,. This transformation £ is duly biuniform and 
continuous, has: no invariant point, and leaves the indicatrix invariant. 
But if for each positive or negative integer n including zero we 
represent the image of / for the transformation {"by „Pand©@ („P) 


by P’, P’ does not depend on P continuously (for, if the sequence 
of points P,, P,, P,.... lying in g, converges to the point Plying 
on the liney = —1, the sequence P,’, P,’, P,’,.... does not converge 
exclusively to P’, but also to other points of M). 

Thus neither can T be represented. biuniformly and continuously 
on a Cartesian plane Ü in such a way that the image of the trans- 
‚Formation t of T'is a translation of C. For, ifsuch a representation 
were possible, /’ would necessarily depend- on / continuously. 


Physiology. — “A new ophthalmoscope”. By Prof. J. K. A. Werturım 
SALOMONSON. ar a 


(Communicated in the meeting of December 28, 1918). 


In a former communication made at the meeting on April 27th 
1917 I showed a collection of photographs of the living human 
retina. I described and exhibited two different photographie ophthal- 
moscopcs, the second of which has been in regular use and gives 
satisfactory results. As a matter of fact we can also use it for 
‘simply showing a retina to any person not familiar with ophthal- 
ımoscopy, as the instrument can be easily adjusted in exactly the 
right position before the eye to be examined, the observer only 
having to focus the image. But if an instrument of this kind has 
to be used solely for demonstrating purposes a thorough reconstruc- 
tion including many modifications might prove judieious. In that 
case we ought to provide for the possibility of using several diffe- 
rent magnifications, which in the case of the photographie instru- 
ment, giving a real image of 40 millimetres in diameter would 
have been irksome. With the photographie instrument the ocular 
magnification amounted to 3.5 times, corresponding to an absolute 
enlargement of the fundus of about 15. diameters. 

In the second place we should have to discard the arclamp the 
light of which for our purpose can only practically be dimmed by 
absorbing light-filters. 

We might have substituted for the small screens used for inter- 
cepting the light reflected by the ophthalmoscope lens some more 
appropriate means, at least if photography were not intended. 

Lastly it should be possible to materially reduce the dimensions 
of the whole apparatus, rendering it more easy to handle. 

Starting from these considerations, I have built an entirely new 
instrument, to be used solely for viewing the retina and showing 
it to students as yet unskilled in the art of ophthalmoscopy. 

The prineiple of indireet ophthalmoscopy has been applied as was 
also the case with the photographic instrument. For illumination a 
small 25-candle power gas-filled lamp with a straight tungsten 
filament-spiral was used, normally burning on a 4-cell accumulator 
or on a small alternating current transformer for 8 Volts secondary. 
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The light intensity is generally reduced with a sliding contact 
variable resistance. ® 

A condensor projects the image of the filament on a narrow slıt. 
A lens placed on the slit projects the econdensor aperture on the 


ee 


ophthalmoscope lens, the light being deflected 90 degrees by a small 
totally refleeting prism placed beneath the. slit, so as to permit of 
plaeing the illuminating tube at a right angle to the axis of the 
viewing tube, containing the ophthalmoscope lens. The- real image 
of the retina, formed by the ophthalmoscopelens can be examined 
through an aperture beneath the prism. We inspect that image with 
a kind of short microscope, the objective of which has'a focal 
distance of 55 millimeters, the eye piece being one of the Huygenian 
type as used in the ordinary mieröscope. The magnification is altered 
on the use of different eyepieces. 

In order to eliininate the images reflected by the ophthalmoseope 
lens, the following arrangement is used. A small achromatie double 


tt TE 
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image prism of calespar and glass is placed between the condensor 
and the slit and causes two images of the filament to be projected 
in the plane of the slit. Only one of these, formed by the ordinary 
rays falls in the slit, the other falls on one of the slitplates and 
is arrested. Consequently the eye is illuminated with polarised light 
and the images reflected by the ophtbalmoscope lens are also polarised. 
By means of a nicol prism "placed in the microscope tube these 
reflexes are extinguished. The light illuminating the retina and 
reflected from the fundus of the eye has become depolarised and 
can be observed with the microscope. As a matter of fact the retina 
is clearly seen without any appreciable disturbing reflexes from the 
surface of the intervening media. Also the retinalreflexes, which in 
“ young patients are nearly always very noticeable, seem to be 
very slightly lessened. 

The construction of this ophthalmoscope appears to possess some 
advantages. According to the HELMHo1rTZ-GULLSTRAND theory we use 
one small part of the pupil in the patient’s eye for transmitting 
the illuminating light-cone, whereas another part of the pupil takes 
up tbe narrowest part of the double cone of rays emerging from 
the retina and passing into the eye of the observer. These cones 
should be entirely separated by a narrow unused zone both of 
the cornea and of the anterior and posterior surface of the lens. 
Only in this way is it possible to prevent tlıe occurrence of reflexes 
emerging from these surfaces which pass into the eye of the observer 
and disturb the ophthalmoscopie image by diffused light from the 
substance of the cornea and the lens. With my instrument the 
reflexes can never reach the observer as they would also be obscured 
by the nicol prism. Therefore we have only to consider the light 
diffused by the illuminated parts of cornea and lens. The lens is in 
this respect more troublesome than the cornea, especially in young 
individuals, whereas in adult patients both show nearly the same 
opalescence. Consequentiy we might in some cases — at least 
theoretically — lessen the distance between the illuminating and 
observation cone of light, and we should be able to examine eyes 
with narrow pupils — at least smaller ones with our instrument 
than with other instruments of the same kind. The reason that I 
have adjusted the instrument without considering this possibility 
may be found in the fact that I wished to have an instrument which 
would be ready for use with any patient without any adjustment 
except of course the final focussing. 

With this instrument we can see at once 27° of the fundus ofan 
emmetrope eye, corresponding to about 4'/, diameters of the papilla 
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nervi optici. The whole field is remarkably flat, and sharp up to 
the edges. The magnification is generally about 14 diameters, or 
about the same as when the eye isexamined with the direct method, 
but with an angle of view many times greater. By using stronger 


eyepieces the image, which is in the upright position, can be magnified 
up to about 50 times, the angle of view of course being somewhat 
reduced. As the illuminating filament can be regulated to any 
desired degree of brightness we can even with this high magnifi- 
cation get a profusion of light, and exceedingly clear and sharply 
defined images of the fundus. 

When in use the distance from the patient’s eye to the instru- 
ment is about 90 millimeters. The only change necessary when 
examining different patients, is the focussing. In cases of strongly 
myopic, hypermetropie or astigmätic eyes, examination is still possible 
with the patient wearing his own glasses. 

The ophthalmoscope lens in this instrument is one of the well- 
known aspherie aplanatie single lenses of 43 mm. clear aperture, 
made by Zeiss. One might use any other aplanatie combination of 
lenses, provided the focal distance and aperture were satisfactory. 
The multiple reflexes from a combination of lenses would be obseured 
as effectually as those from a single lens. 


Physiology. — “ Tonus and faradıe tetanus”. By Prof. J. K. A. Warr- 
HEIM SALOMONSON and Mrs. Ratu Lanaı— HouTman. 


(Communicated in the meeting of April 26, 1918). 


If a muscle be stimulated with the secondary current of an 
induction apparatus fitted with a vibrating interrnpter we generally 
get a tetanic contraction. In case of a suffieiently high rate of inter- 
ruptions per second the tetanus will be a complete one, during 
which no rapid variations of length, thiekness or tension of the 
muscle can be detected. If the rate of stimulation be lessened, the 
tetanus ceases to be a complete one. Synchronous with the stimuli 
the muscle shows a series of small twitches superposed on a tetanie 
contraction. These can easily be recorded on a rotating drum either 
by recording the length, the thickness or the tension of the muscle. 
The twitches become slighter by increasing the rate of stimulation. 
With a certain rate, which we shall call the eritical frequency, they 
disappear altogether and we get again a smooth curve, indicating 
a complete tetanus. 

This eritical frequency, with human muscles at least, is fairly 
constant and varies only very slightly in different muscles from a 
mean of about 18 per second. But is this eritical frequency really 
a constant one? Do we know of any condition, which might likely 
cause a variation ? 

A complete tetanus is obtained when the frequency of the exci- 
tations is such that the intervals between them are equal to the 
time required for the muscle, excited by a single instantaneous 
stimulus under isometrie conditions, to obtain its greatest tension 
(Burpon SanDErson). Markey and Hermann among others state that 
the time between two stimuli should be a little less than the time 
taken by the muscle to reach its greatest tension after excitation 
by a single induetion-shock. Only changes in the time covered by 
the shortening period of the muscle may be able to cause a change 
in the eritieal frequeney. It is generally known that temperature 
changes and exhaustion alter the form of contraction and that both 
act on the ascending part of the curve. With human muscles the 
"influence of temperature, if any, need not be considered, and in our 
61 
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own researches we always took care to experiment only with unfati- 
gued, fresh muscles. 

Under these conditions we ought to expect the critical frequency 
for a complete tetanıs to be a constant one, not liable to varialion 
under the influence of pathologieal changes. If such be not the case 
we can only conelude that either the form of the complete single- 
twitch-myogram, or perhaps only its descending part, must be equally 
significant for the eritical frequency as the ascending part of the 
eurve. There is a simple way of solving this question. 

A few years ago Dr. ou Borr showed that the tonus-mechanism 
greatly affeets the general form of a single-twitch myogram in a 
frog’s muscle. In a fresh muscle preparation separated from the 
spinal cord we get only a short myogram, with a rapidly descending 
part. But in a muscle connected with the nervous system the myo- 
gram, and especially its descending part has a much longer duration. 
The descending line generally shows a secondary elevation — which 
is often smaller, but may be even larger than the primary apex — 
called after its discoverer Funkr’s “nose”’. Ds Bokr demonstrated 
that this secondary is a true reflectory tonus-oseillation, which im- 
mediately vanishes after cutting the grey rami communicantes from 
the sympathetic nervous system to the motor plexus. With any 
variation of the peripheral tonus mechanism the ascending part of 
the myogram remains unchanged, whereas the descending part is 
altered in form. We might now ask if the descending part of the 
myogram does influence the critical frequency for the complete 
tetanus and we can answer this question by examining the influence 
of muscle tonus on this critical frequency. A probable connection 
between the two has been advocated among others by Yro and Cash, 
who termed tonus the cement connecting the separate musele twitches 
so as to form a complete tetanus. BoTazzı considers tonus as the 
substratum on which tetanus is built. Also CoustEnsoux and ZIMMERN 
state that a direct connection does exist between tonus and the. 
genesis of the complete tetanus. 

We have examined a large number of healthy persons with a 
normal museletonus as well as clinical cases in which the tonus 
was either diminished or increased. 

The graphic recording of the tetanie muscle contraction caused 
some diffieulty, when as a matter of fact only records of variations 
in thickness of the museles could be made.:.This demanded the 
greatest care in the construction and use of the recording styluses. 
Finally by redueing the lever-magnification to 6 times, and by using 
a lever of only 60 millimeters length and a weight of 11 milligrammes 


J. K. A. WERTHEIM SALOMONSON and RATU LANGI-HOUTMAN: „Tonus and faradie tetanus”. 


Fig. 1. Musc $astrocnemius. Commotio cerebri. 


Fis. 3. Musc gastrocnemius sinister, indirect. Sclerosis multiplex. 


Fis. 2. M. Gastrocnemius indirect. Tabes dorsalis. 
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satisfactory results were obtained, comparable with those obtained 
by means of a Frank-mirror-tambour. Different frequencies were 
obtained by using 7 different interrupters carefully adjusted to 10, 
12, 14, 16, 18, 20 and 22 interruptions per second. 

With healthy persons all muscles showed a complete tetanus at 
a rate of exeitation with 20 interruptions per second. With 16 inter- 
ruptions all the curves showed the characteristie indentations or notches, 
indicating the rests of the separate muscle twitches. With 18 per 
second the -behaviour of the different museles showed slight diver- 
gencies, some giving a complete tetanus, others still showing the 
single twitches. As an example of a normal record we give fig. 1, 
from the gastroenemius of a healthy woman of 53 years of age. 
We see 5 tetani obtained successively with 12,14, 16, 18, and 20 
stimuli per second. In the curve taken with 18 per second, slight 
oscillations may still be observed, whereas the last curve may be 
considered, as a complete tetanus, though the first 2 or 3 stimuli 
are still visible in the myogram. But this was frequently the case 
and we considered a tetanus as a complete one when after the 
3:d stimulus the oseillations were no longer visible. 

If now these curves be compared with those of fig. 2, in which 
the rate of stimulation was from 12 to 22 per second, werecognize- 
the oseillations even in the last curve, obtained with a frequency of 
.22 per second. These records are taken from the gastroenemius of 
a woman suffering from advanced locomotor ataxia. All the muscles 
were in an extremely atonic condition. 

Lastly wezreproduce in fig. 3 the record of faradie tetani of the 
gastrocnemius at a rate of 12, 16, 18, 20, and 22 stimuli per second. 
This patient was a man of 45 suffering from sclerosis multiplex 
cerebrospinalis. All muscles were hypertonice and showed a tendency 
to contracture. Even with no more than 12 stimuli per second we gei 
a complete tetanus. 

The few curves shown are taken somewhat at random from a 
collection obtained in a large number of healthy persons and patients 
with either hypertonie or atonie muscles. We always find that in 
hypertonie muscles the critical frequeney is generally 14 or lower, 
whilst in atonie museles it is always well over 20. 

In the course of our researches we obtained many other interesting 
records. A few showed a gradual fatigue or exhaustion of the tonus 
mechanism. Others eontained an indication, that under the influence 
of. the contractions an appreciable increase of the tonus occurred. 
A more detailed description of the experiments and the results will 


be published elsewhere. 
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Anatomy. — “ls the post-embryonal growth of the nervous system 
due only to an increase in size or also to an increase in 
number of the neurones?” By Erık Acpunr. (Communicated 
by Prof. J. BoEkE). 


(Communicated in the meeting of Dec. 28, 1918). 
Introduction. 


While investigating the effeet of training on the post-embryonal 
development of the nervous system‘) I was confronted with the 
following problem. Is there generally an increase in the number of 
axons during the post-embryonal growth of the nervous system? We 
are concerned with the roots of the spinal nerves. In the dorsal and 
ventral roots of the spinal nerves there is, as is shown in more 
detail below, no 7- and Y-division of the nerve fibres. The problem 
is thus practically identical with another, viz.: Is there an increase 
in tbe number of neurones during the post-embryonal development ? 

Up to the present time the condition of this question has been 
such that the possibility referred to has been regarded as almost 
excluded. This was due to the. supposition that the nerve-cells were 
small bodies so much differentiated that divisions in them could not 
be imagined. Figures of division of cells in the central nervous 
system of animals only a few days old have, however, been described, 
although very eminent investigators, such as MARINESCo, PRENANT, 
VALENZA, etc. deny that these figures have anything to do with the 
nerve elements, but consider them to be stroma elements. During. 
recent years the literature points to some extent in the direetion of 
the possibility of a post-embryonal new formation of neurones taking 
place — although the newly-formed neurones are only considered 
as replacing those that have been destroyed by degeneration. 

The results of the investigation undertaken by me with regard 
to training (exereising) were of such a nature as to be diffieult of 
explanation in the absence of a real increase in the number of 
neurones during the post-embryonal growth of the animal. I was 


) So far only a preliminary communication has been published: Der Einfluss 


der Trainieren auf das morphologische Bild des motorischen Nervensystems 
Hygica 1917 (LXXIX). 
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accordingly compelled to investigate more closely the post-embryonal 
growth, especially that of the peripheral nervous system. 

When these investigations were planned and also during the time 
when the greater part of the work was being carried out, I was 
quite unacquainted with the eomprebensive American literature 
connected with this subject, especially the publications of “The Wistar 
Institute of Anatomy and Biology”. It is only a month since I learned 
about this during a visit to the Central Institute for Brain Research 
at Amsterdam for purposes of study. For the opportunity of doing 
so, for the extreme kindness shown to me and for much good 
advice and valuable criticism I wish to express ımy most cordial 
thanks to Dr. Arıins Kappers and Dr. B. Brouwer. During this 
Journey 1 also stayed with Prof. J. Borkk at Leyden and I am 
deeply indebted to him for his exceedingly: cordial reception and 
very valuable and pertinent critieism. I am also much indebted to 
my chief, Prof. J. LunpGrReEn, for his kindness in revising the English 
of the manuscript. 

The results I obtained in investigating the post-embryonal develop- 
ment of the nervous system confirm in certain points the results 
obtained by others, especially by “The Wistar Institute of Anatomy 
and Biology”, but on what appear to me to be the most important 
points my results differ essentially from those of former investigators 
of this subject. I have attempted to find the causes of this difference 
and have discovered that they lie in the different methods of investi- 
gation that have been used. Previous investigators of this question 
worked with methods for the staining of medullary sheatls and 
have determined the number of medullated nerves, whereas I have 
worked with neurofibril impregnation methods and have determined 
the number of nerve fibres. 


Material and methods. 


The majority of the species of animals used in my investigations 
have, as far as I can find in literature, not been previously subjeeted 
to a morphologieal study of their post-embryonal growth. This was 
a cause of great trouble to me. It would of course have been more 
advantageous to use an animal that had been carefully investigated 
before, when it was a question of explaining something that was 
essentially new. A very convenient animal of this kind is Mus 
norwegieus albinus, which has been the subject of numbers of 
detailed investigations concerning its post-embryonal growth at “The 
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Wistar Institute” and other places. I too shall probably pass on to 
this animal’ if I have oceasion to continue the present investigations. 
Although I was unaware of these investigations on Mus nomwvegicus 
albinus, I have, however, amongst my material a species that is 
rather closely related to it, namely Mus rattus — & male and a 
female specimen, and their eleven (11) young ones; of the young 
ones, however, only three (10, 20, and 30 days old respectively) 
have been investigated up to now. My material consists, in addition, 
of 58 speeimens of Mus musculus albinus' (of ages ranging from 
94 hours to over 2 years). Among these 58 there are several 


litters — thus, for instance, a male and a female, each over two 
years old, with several generations of their progeny, 42 altogether. 
I had also 22% specimens of Bos taurus — (half of them two 


weeks old and the other half over three years — only n. trochlearis 
and n. oculomotorins were investigated), 5 specimens of Canıs 
familiaris, (the two parents and three young ones 6, 17, and 60 
days old respectively), a number of specimens_of Helis domestica 
(only n. trochlearis and n. occulomotorius have been investigated 
so far)°). Among cold-blooded animals there were 28 toads (Bufo 
vulgaris) of different lengths, ranging from 1,6 to 9,8 cms. from 
nose to tail — but the number of those that are near the minimum 
and maximum dimensions is larger than those in between. 

The columna vertebralis with its spinal cord and spinal nerves 
(even ineluding the spinal ganglia of Bufo, Mus musculus and Mus 
rattus), the central nerve system with the attached sub-dural parts 
of the spinal and cranial nerves of (Ganis and Felis and the sub- 
dural parts of nn. trochleares and oculumotorii of Bos were fixed 
in a twenty per cent formalin solution. Previous to this eonvenient 
spinal ganglia and pieces of the medulla spinalis had been taken 
out for fixation in Fremmine’s liquid. The material that had been 
fixed in Frummine’s liquid was imbedded in paraffin and was partly 
cut into sections 3—5 u thick, which were stained with the iron- 
alum-hematoxylin of HEIDENHAIN and eosin. The material that had 
been fixed in formalin was impregnated in pieces according to my 
modifications ’) of Bırrschowsky’s method of silver impregnation, 


!) I shall give a more detailed account of these matters in a subsequent and 
more extensive publication. 


?) AGDUHR, ERIK, Ueber Stückfärbung mit BiELscHOwsKY’s Silberimprägnations- 


methode. Einige Modifikationen. Zeitschr. f. wiss. Mikrosk. u. f. mikr. Techn 
Bd. 34. 1917. Ns 
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with the addition that the impregnation in a thirty per cent. AgSNO, 
solution was made specially long — over ten days and nights. The 
impregnated pieces were, imbedded in paraffin and were ent into 
conveniently thick sections, 5—15 wu. A number of spinal ganglia 
were cut in unbroken series of sections, 10—15 u in thiekness. 
Cross sections were placed on. the sub-dural parts of the spinal 
nerves, partly close to (centrally of) the spinal ganglia and partly 
elose to the spinal cord. In the preparation, in which the spinal cord 
and the spinal ganglia had been fixed in situ in the canalis med. 
spinalis, cross-sections were cut right from the caudal end as far 
in the direction of the eranium as the sub-dural part of the nerve 
roots had a caudal course — this was, as a rule, up to the posterior 
third and the posterior half of the thoracal vertebral column. The 
rest was cut into sagittal sections, during which the mieroscope was 
used to verify that conveniently situated parts of the segmental 
nerves were present in the sections. These sections were made 
5—10 « thick. In determining the number of nerve fibres in the 
cross sections I used a Lerimz microscope (tripod G.H.) with a 
cross-table, an oil-immersion '/, a, and an ocular IV (Lairz) 
with the enclosed squared glass plates. It appeared to be necessary 
to work with such a great magnifying power in determining the 
number of nerve fibres in order to be able to disintegrate those 
parts of the preparation in which the nerve fibres were most 
elose, especially in the young animals. Before beginning to count, 
the square-ocular and the cross-table were adjusted so as to prevent 
as far as possible unexpected displacements and miscaleulations 
arising from these. Repeated calceulations with the same preparations 
have also shown that the errors in calculation that we are concerned 
with are small — always less than ten per cent, asa rule not more 
than five per cent. At first I attempted an approximate method in 
deeiding the number of nerve fibres in the cross-sectioned nerve 
roots. I counted each nerve fibre in a few hundred squares and 
found the average number. I:then counted the number of squares 
in a cross-seetion and multiplied this by the average number. This 
method appeared, however, to give values that were t00 uncertain,- 
because nerve fibres of different thicknesses were very unevenly 
distributed. In order, therefore, to obtain sufficiently exact values, 
I was thus compelled to count every nerve fibre in the whole cross- 
section — a method that was certainly troublesome, but necessary 
in this case, especially with young animals. In counting 1 always 
began at the top and at the left, both in the preparation and in 
the field of the squares, taking care that all the nerve fibres which 
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were situated on the left and at the top beneath the lines were 
counted. 

A number of spinal ganglia and pieces of the spinal cord (fixed 
both in Fremmng and Zenker liquid and B. impregnated) were 
arranged in unbroken series for investigation of the figures of cell 
divisions (sections from 3—5 u in thiekness). Some spinal ganglıa 
with dorsal and ventral roots and a small piece of the spinal cord 
(all B. impregnated) from animals of various ages were arranged in 
unbroken series (longitudinal sections of the roots from 5—10 win 
thickness) for investigation as to the occurrence of 7- and Y-divisions 
and figures of growth of the nerve fibres. 


The post-embryonal increase in the number of the nerve fibres ın 
the dorsal and ventral roots of the spinal nerves. 

With regard to the general growth of whole animals from birth 
to maturity (or at least during {he period of active growth) works 
have been published on Gallus domesticus (Minor ‘), 1908) Mus nor- 
wegieus albinus (DonaLpson ’)), Lepus cuniculus (Minor ‘), 1908), 
Cavia cobaya (Minor '), 1891), Canis familiaris (Aron, 1911 ')), 
Homo caucas (Rogerts, 1878') and others) and Homo mongol. 
(Mıspina, 1904 ')), ete. All those who have studied growth have 
also acknowledged and laid stress on the need for an analysis 
of the total growth into its components — the organs and their 
elements the cells. Numerous investigations of the post-embıyonal 
development of the organs and even of the, cells have already 
been published by Donaupson, Hartaı, Naokı, and others. On the 
other hand, as far as I could find from the literature, no in- 
vestigation of a post-embryonal growth of the number of axons in 
the nervous system seems so far to have been published. It is 
certainly true that there are numerous investigations on the. number 
of nerve fibres in the dorsal and ventral roots of the spinal nerves 
and in a number of cranial nerves both. in full-grown animals and 
in, animals of different ages (especially M. norwegicus albinus), by 
Dunn, . Harpesty, Haraı and others, and in Homo by STILLINg, 
Insert and others, but they have all been carried out with the 
help of staining methods for medullary sheaths and so eannot afford 


Beet from DONALDSON, H. H. An anatomical analysis of growth. Trans. 

ot the sth. International Congress of Hygiene Demography held at Washi 

D. C. Sept. 23—28. 1919. ö ERBE "RTERR, 
2) DonaLoson, H. H., Watson J.B. and Dunn, E. H. 1906. A comparison of 


the white rat will man in respect to the growth of the entire body. Boas 
Memorial Volume, New York. 
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any information about anything but the number of the medullated 
nerve fibres under different eircumstances. As far as the post- 
embryonal growth in the number of axons is concerned, these 
investigations, which in themselves are in 'many cases very fine 
pieces of work, afford no information, but with this method one 
can, of course, only obtain a knowledge of the number of medullated 
axons, and .the total result is that they indicate a gradual process 
of myelinisation, which is even stated by DonaLpson '): “The increase 
in the number of myelinated fibres’in the 'spinal root with advaneing 
age is due mainly to progressive myelination. Both roots at maturity 
still contain funetional fibres without myelin sheäths (Ranson ’06).” 
During the progress of the work of counting the number of nerve 
fibres in the roots of the spinal nerves in the animals I investigated, 
it soon appeared that it was impossible to get reliable numbers as 
to the conditions of the nerve fibres in specimens. of different ages 
“by counting those in the roots of a single or a small.number of 
‚spinal nerves. For fairly great displacements and individual varia- 
tions occeur, and these prevent the values from being as good as 
. might be desired, if only a small number of nerves are taken 
“ „into consideration. On account of this and also in order to obtain 
an insight into the distribution of the axons in the different regions 
[I have, in most animals, counted each spinal nerve on the same 
side and in certain specimens on both sides. As I intend to give a 
more complete and detailed account of these matters in a future 
‘work, 1 merely include here some tötals ‚from a part of the caleu- 
‚ lations in question. 
. „By ealeulating the number of nerve fibres in tbe same section of 
the root and by using the method of least squares for the values, 
it has been shown that the percentage of error in the dorsal roots 
of very young animals (from four to ten days old) has not exceeded 
+ 10, and that for other places it is, as a rule, about + 2. (In the 
dorsal roots of the spinal nerves the nerve fibres are situated very 
close together in young‘ specimens, so that one has to work with 
thin (5 ‘w) sections and strong light in order to obtain exaet results). 
The totals of the-dorsal:and ventral roots of ‘the spinal nerves given 
in the tables below are thus to be considered as exact within the 
limits of the percentages mentioned. That there is thus a post- 
embryonal increase in the number of nerve fibres in the dorsal and 
ventral roots is shown with all the elearness that could be, desired 


ı) DonaLbson, H. H. The rat, reference tables and data for the albino rat and 
the Norway rat, 1915, Philadelphia. 
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1. Table showing the total numbers of axons inthe dorsal and ventral roots of animals of 
various ages in the same species and of different species. 


Species. 
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Iength | __——. 108 Yortaı 
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ET) 20 | Ass | I el 
12124 1:3242) 4319 an :32, 1 
1:8. 1.293710 14085 1 ana | 
1.8 3891 | 439 1.1 :1 
1.8 3661 4301, bel 2er 
1.9 | 3130 }| 4650 | 1.5 :1 
22142 | 
1.77 average — 13:1 
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2. Table showing the total numbers of axons in the dorsal and ventral roots of animals of 
various ages in the same species and of different species. 


FE  —————————————————— 
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by the above table, which also illustrates to some extent the mag- 
in the number of axons is 
proportionately greater during the first part of the period of growth 
than during the latter part, which is probably not completed in any 
of the group of animals included in the table. It is interesting to 
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.- eompare briefly the results arrived at by. some of the previous 
investigators of this subject. The latter have, however, worked with 
myelins sheath staining methods and have determined the number 
of medullated nerve fibres in different states. 

Dunn) “A considerable increase in the number of medullated 
nerve fibres occurs during the. early life of the albino rat’. Dunn 
investigated the ventral root of CII in Mus norweg. albinus. The 
same thing is true, according to Haraı’) of the “albino rat’ with 
regard to the ventral roots of CVI, ThIV and LU, and, according 
to Boucuron °), with regard to n. occulomotorius in the same animal. 
BoucHTon’s investigations (06) about cognate problems in the cat and 
Wiuvems’s ‘) in the rabbit point to the same conelusion. 

Dunn states: “Ranson’s records then are comparable with those 
presented now, and together they show that in regard to the second 
spinal nerve of the albino rat the number of medullated nerve fibres 
in both the dorsal and ventral nerve roots increases during the life 
of the individual, but that the greatest increase occurs before the 
sexual malurity or so-called puberty of the animal,” and so on. It 
is thus shown that what is true in tbis respect for all the axons — 
as shown by the results of the caleulations given in the above table — 
is also true for only the medullated nerve fibres. The percentage.of 
increase obtained by using myelin sheath staining methods on the 
material in question is considerably larger than that arrived at by 
impregnation of the axons. This is due to the fact that the young 
animal has relatively considerably more axons free from medullary 
sheaths than the older one. This increase in the number of nerve 
fibres is decidedly larger in the dorsal than in the ventral roots, a 
fact wbich is seen most clearly when the comparison is based on 
the conditions in a rather large number of animals. This is not so 
striking. in Canis, and Mus rattus shows an entirely reversed state 
of affairs. These apparent exceptions are, however, probably due to 


3 Dunn, ELisABETH Horkıns. The influence of age, sex, weight and relation- 
ship upon the number of medullated nerve fibres and on the size of the largest 
fibres in the ventral root of the second cervical nerve of the albino rat. The 
Journ. Comp. Neur. Vol. 22. N®. 2. 1912. 

2) HaTaı, SHINKISKI. On the increase in the number of medullated nerve fibres 
in the ventral roots of the spinal nerves of the growing white r 

at. J. C ! : 
Vol. 13, 1903. ; Bi 

3) BOUGHTON, THoMas Harrıs. The increase in the number and size of the 
medullated fibres in the occulomotor nerve of the white rat and of the cat at 
different ages. J. Comp. Neur. Vol. 16. 1906. 

4) WILLENS, EDouARD.. Localisation motrice et kinestliesique. Les noyaux 
masticateur- et mesencephalique du trijiumeau chez le lapin. Le Neuraxet. 12, 1911. 
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the fact that the numbers for these animals were based on speci- 
mens on a few investigations. The difference between the number 
of nerve fibres in the dorsal and ventral roots is comparatively 
greater in old than in young animals of the same species. I shall 
leave a more detailed discussion of the values obtained for a future 
and more complete account of the questions that are connected with 
this problem and. shall pass on instead to an attempt to answer the 
following question: 


How does a post-embryonal increase in the number of axons in the 
dorsal and ventral roots of the spinal nerves arise? 


This question forces itself upon our attention when we find that 
the number of nerve fibres in the dorsal and ventral roots of: the 
spinal nerves increases considerably with the growth of the animal. 
There may, however, be different opinions as to the manner in which 
this increase takes place, and this question certainly needs to be 
subjected. to a comprehensive investigation. There are really two 
possibilities to be taken into consideration. T’he increase must depend 
either on a T-or Y-formed division of nerve fibres, or on an outgrowth 
Jrom the centre, from nerve cells (neuroblasts) that have been newly 
Formed or are Iying in reserve. There is, of course, a third possibility 
which is, however, not very probable, namely, that one nerve-cell 
has discharged two axons ın the same direction. 

Does a division of the nerve fibres ewist in the roots of the spinal 
nerves? 

Most obvious is of course the supposifion that we have here a 
cleavage (7- or Y-division) of the nerve fibres on the lines of the 
process, of which such fine examples may be seen in the peripheral 
part of the nerves and also in the central nerve system. A cleavage 
of this kind may be exceedingly frequent; thus, at Prof. Borkr’s in 
Leyden I saw a preparation which showed, among other things, 
a nerve fibre that was divided at one place into six branches. 
STEFANELLI!) deseribes and reproduces a preparation from the tongue 
of the chameleon, in which a single nerve fibre was divided into 
branches terminating in no less than thirty-five motory plates. During 
nerve regeneration after ‘a section one may also see abundant 
examples of such division. See, for instance, the figures in OAJAL”) 


1) STEFANELLI, A. La piastra motrice secondo le vecchie e le nuove vedute. 
Annali di Neurologia Fasc. IV 1912. Quoted by BoEkE L.c. 3. An 
3) CasaL,RAMoN Y. Studien über Nervenregeneration (J. A. Barth, Leipzig) 1908. 
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and Bork»'). NaczortE*) reproduces and describes spinal nerve-cells, 
in which a collateral leaves the axon quite close to the nerve-cell. 
This collateral terminates in a elub-like swelling, which is situated 
inside the capsule of the same nerve-cell. N. is of opinion 
that these collaterals are due to regenerative activity in the cell, 
with which Casan’) also agrees. BrsLscHowskY ‘) interprets these 
formations in another way; he includes them among the fenestrate 
cells and thinks that these processes have nothing to do with rege- 
neration. Ranson‘) has tried to discover an explanation of this 
phenomenon by means of experiments. The results given by these 
experiments have, without exception, indicated that these processes 
with elub-like formations are not a product of regenerative activity 
in the cell. I have however, been unable to find in the literature 
any indication of the fact that 7- and Y-divisions occur in the dorsal 
and ventral roots of the spinal nerves. As a working hypothesis for 
my continued investigations I took the possibility (which is, in 
itself, not at all probable) that the above-mentioned, or similar, 
processes with club-like formations might develop into axons and, 
in addition, the possibility that 7- and Y-divisions might occur in 
the intra- and extra-medullar course of the ventral roots as well as 
in the dorsal roots, which would explain the post-embryonal increase 
in the axons there which is under discussion. 

Silver impregnated dorsal and ventral roots of lumbal and sacral 
nerves in connection with their spinal ganglia, and a small piece of 
half the spinal cord on the same side from animals of different ages 
within the same species, were set up in unbroken series (10 u thick). 
These series were well suited for studies of the figures of the growth 
that might possibly occur, and for investigations made with a view 
to answering the third possibility that had been advanced, namely 
whether one nerve cell, the axons of which form the spinal nerves, 
sends off more than one axon in the same direction. In investigating 
the preparation a cross-table was used and the mieroscope was 


I) BoERE, J. Studien zur Nervenregeneration Il Verhandel. d. K. Akad. v. Wet. 
te Amsterdam. Deel XIX. N®. 5. 1917. 

%) NAGEOTTE, J. Recherches experimentales sur la morphologie des cellules et 
des fibres des ganglions rachidiens Rev. Neurol. Paris. Vol. 15, p- 357. 

°) Casar S. Ramon Y. Die Struktur der sensiblen Ganglien des Menschen und 
der Tiere. Anat. Heft. Zweite Abt. Bd. 16. 1907. 

4) BIELSCHOWsKY, M. Ueber den Bau der Spinalganglien unter normalen und 
pathologischen Verhältnissen. J. Psych u. Neur. B. 11, 1908. Leipzig. 

5) Ranson, S. WALTER. The Structure of the Spinal Ganglia and of the Spinal 
Nerves. J. Comp. Neur. Vol. 22. 1912. | 
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provided with an oil immersion (/ı, a) and ocular four. The 
preparations were investigated in the most careful way step by step, 
but not a single example of a division of the nerve fibres could be 
discovered, either in the roots or in the continuation of the nerve 
fibres in the ventral horn through the spinal cord up to their root 
cells. I observed a few cases of spinal ganglion-cells which had the 
claviform processes mentioned above. These elaviform formations 
were, however, always within the capsules. In no case, however, 
was | able to discover anything that could: be interpreted as a 
division within the spinal ganglion of either the central axon or 
that which passes peripherally. I tried to test the negative results 
obtained from this investigation in another way, in order to obtain 
if possible a positive result. I made cross-sections of the silver 
impregnated material through the corresponding nerve roots on the 


Fig. 1. Schematie representation of the neural growth in the 
dorsal and ventral roots of the spinal nerves. (a) Cross section at 
the place with the smaller and (b) cross section at the place with the 
larger number of nerve fibres in the dorsal root. (@,) Cross section 
at the place with the larger and (b,) cross section at the place with 
the smaller number of nerve fibres in the ventral root at a spinal 
nerve from a young animal. (c) Cross section peripherally of the 
spinal ganglion. (d) Spinal ganglion cell. (e) Ventral root cell. 


other side, some close to the spinal cord (a and a,; fig. 1) and 
others close to, but centrally of, the spinal ganglion (d and d,; fig. 1). 
As the nerve roots that I investigated belonged to the lumbal and 
- sacral nerves, which take part in forming the quada equina, the 
distance between the two cross sections was fairly great. The nerve 
fibres in the sectioned preparation were counted. There are,three 
possibilities for the totals that we might expect to obtain for the 
numbers of nerve fibres. If we take a; a,; 5b and d, fig. 1 to denote 
the number of nerve fibres, then a=b or else a>D or finally 
a<b. If a=b then one could scarcely expect any appearance of 
axon-division or any figures of growth in. the piece ab; if, on the 
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other hand, a>d; then one ought to succeed in finding figures 
of division of the nerve fibres in ab; if, finally, a<< b, then, of 
course, one ought to be successful in finding figures of growth in ab. 
For the ventral r00t the corresponding line of argument is, of course, 
as follows: if a,=b5,, then there are probably neither figures of 
division nor growth in the piece a,5,; if a, > b,, there are probably 
figures of growth in a,6,; if a, <d,, there are probably figures of 
division in a,b,- 

In not a single case did the calculations that were carried out 
give values for a that were greater than those of b, nor values for 
b, greater than those of a,. The two values for each root in older, 
animals were — apart from the possibility of error (about 
3°/) — equally large. In young animals, on the other hand, as a 
rule a<b and a, >b,. As examples we may give the values for 
S. I (left side) in a puppy sixty days old: «= 9209, b = 11487; 
a, =238389,0, = 2629. 

If we correct these numbers according to the percentage of error 
in the caleulation, we then obtain: a = 9209 + 2°, = 9393, 
d —= 11487 — 2 '/, =11251; a, —=3335 —2°/,—= 3268, b, = 2623 + 
42 °/, = 2673. 

These figures are very clear evidence against the oceurrence of 
any figures of division in the pieces ab and a,b, respectively in the 
animals in question. On the other hand they indicate, of course, the 
existence of a not inconsiderable number of figures of new growth 
of axons. As far as I can see, I have found a small number of 
certain figures of new growth — there are undoubtedly more of 
these. These formations vary, of course, very greatly in their form. 
Such great differences in the number of nerve fibres in aand d and 
a, and d, are, however, not always found even in young animals; 
the differences are, as a rule, considerably less. 

I could not discover any possible method of verifying more effect- 
ively the above-mentioned absence of any 7- and Y-division in the 
spinal cord and the spinal ganglia of the nerve fibres that pass into 
the roots, and have consequently to be content with the faet that 
in the above-mentioned preparation no figures of division could be’ 
detected in these parts. It might perhaps be said that the number 
of cells in the ventral horns and in the spinal ganglia compared 
with the number of axons in the ventral and dorsal roots respectively 
might afford a means of verifieation. This is not the case, however, 
as the number of the ganglion-cells in both the ventral horn and in 
the spinal ganglion is always considerably greater than the number 
of axons. (This is discussed in greater detail below.) iv 
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As this attempt to explain the increase actually existing in the 
number of nerve fibres in the dorsal and ventral roots of the spinal 
nerves "as a result of a division of the axons was unsuccessful, I 
had to proceed to investigate other possibilities. The following possi- 
bility has now to be elosely considered. 

Is it possible that a nierve-cell may send of' more than one axon in 
the same direction? | 

In order to be able to answer this question, I have carried out 
investigations in two directions. I first investigated carefully the 
preparations left over from the preceding series in which, of course, 
whole spinal ganglia and parts of the ventral horn were set up in 
unbroken series, and secondly I eounted all the cells in a ventral 
horn of a 10 days’ old and of a 360 days’ old Nus musculus var. albus 
— between the exits for two spinal nerves from corresponding 
segments — and also all the cells in a spinal ganglion similarly 
situated in the two animals. The values obtained for the numbers 
of cells have been compared with the number of axons in the 
corresponding ventral and dorsal roots. One cannot, of course, expect 
to obtain in these two ways an answer to the aforesaid question 
that would be a priori absolutely certain, but it seems to me that 
they take us as far as we can generally go with morphological 
methods of investigation. A careful investigation (of the above-men- 
tioned unbroken series) of the nerve-cells in the ventral horns and 
in the spinal ganglion did not produce a single figure to support 
the supposition of. more than one axon being sent off in the same 
direetion from the nerve-cell. It is certainly true that in the spinal 
ganglion there were nerve-cells which have processes beside the 
axon, but in no single case could these be followed up to a 7-division. 
Spinal ganglion-cells of this sort are deseribed by Ranson ') and 
others. I am of the opinion that this part of the investigation produced 
a negative result. 

With regard to the calculations as to the number of cells, they 
showed that the number in the older specimen was certainly greater 
than in the younger one, but the difference is not so large compared 
with the difference-in the number of axons in the same specimens. 
The number of axons seems thus to increase in a relatively higher 
degree than the number of ganglion-cells during the post-embryonal 
period. This fact seems, of course, to allow the possibility that {he 
same nerve-cell might send more than one axon into, for instance, 
the dorsal and ventral roots. There is, however, another and more 


) L. ce. 
62 
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probable, even a certain, way ofexplaining this phenomenon, namely 
that in ‘both the spinal ganglia and the central nerve system there 
are young cells which have not hitherto sent out any axons, and 
which have the power of dividing. (This point is discussed more 
completely below). Such cells are considerably more numerous' in 
young speeimens tlıan in older ones. I am thus of the opinion that 
this part of the investigation ‚has not given any support either to 
an assumption of the possible occurrence of nerve-cells that send two 
axons into the: dorsal or ventral root. Nor have I found in the 
literature any statement that points to this conelusion. It thus still 
remains to investigate other possibilities. 

Do axons grow either from newly formed or from older nerve-cells 
hying in reserve. 

This part of the investigation, which I tried to avoid as long as 
possible, in the hope of finding other explanations of the post- 
embryonal increase in the axons, has, however, gradually beeome 
the most central — the main part, on which the entire result is 
based. Observations made here and there in the preceding parts of 
the investigation indicated clearly that the solution to the problem 
was to be sought in this direction. Such a solution, however, does 
not quite agree with the hitherto prevailing view as to the develop- 
ment of the nerve system and the character of the neurones. There 
is, however, as we shall see, an abundance of facts to support this 
solution. I shall begin with an examination of the 


Spinal ganglion. 


HEIDENHAIN, M.') writes: “Es würde gewiss für die Physiologie 
von grosser Bedeutung sein wenn wir behaupten könnten, dass wir 
mit der Anatomie der cerebrospinalen Ganglien im reinen sind. Dies 
ist jedoch nicht der Fall. Erstlich ist der Ursprung der erwähnten 
afferenten sympathischen Fasern leider nicht näher bekannt und 
zweitens befindet sich nach der Zählung von GauLs und Lewis, 
ebenso von BÜHLER, in den Ganglien eine ausserordentliche Ueber- 
zahl von Zellen deren Fortsätze wir noch nicht kennen”. 

Among the many investigations concerned, among other things, 
with the making of comparisons between the number of medullated 
nerve fibres in the dorsal root and the number of cells in the spinal 
ganglion belonging to the root, the following may be cited: 


‘) HEIDENHAIN,M. Plasma und Zelle. Jena 1911. 
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TABLE a. 
rn en 
Kithor. . - Number of | Number of modullated 
naor Animal, Nerve. | nerve cells. | fibres in the dorsal root. 
PP] — —— 
GAuLE and Lewin ') | Rabbit Gocea! 20361 - | 3173 
HATA12) (02) White rat |C. VI 12200 4227 
HATAL2) (02) ee Fock 9442 | 1644 
RANSoN 4) (08) m | 2472 
| 


From this table we see that the number of nerve-cells is many 
times greater than the number of medullated axons in the dorsal 
root belonging to them. Hartaı’) has investigated the relation between 
the large and the small cells in the ganglion spinale and has found 
that in the white rat the small ones are about 60 per cent of the 
total number. In the case of CI in the cat, Wuarrineron and 
GrirFitaH®) have found that the small cells in the ganglion compose 
about 70 per cent of the total number. Haraı has investigated the number 
of cells, both large and small, in the spinal ganglion and the number 
of medullated nerve fibres in the dorsal roots of CVI, Th IV and 
LII in animals of different ages of Mus norvegicus albinus. A resume 
of the values obtained by him is given in the following table 2*. 
(See table 5 following page). 

With regard to the views of different writers on this subject as 
to the number of nerve fibres in the dorsal root and the number 
of cells in the spinal ganglion, all are agreed that the number of 
cells is considerably greater than the number of medullated axons. 
Those mentioned above have also investigated this relation only 
according to the medullary sheath stains. Ranson, who has Cajal- 
impregnated a spinal ganglion and the dorsal root appertaining to this 
from a dog, has shown the existence of non-medullated fibres in the 
dorsal root, which he supposes to issue from the small cells in the 


l) GAULE und LEwIn: Ueber die Zahlen der Nervenfasern und Ganglienzellen 
des Kaninchens. Centralbl. f. Physiol. Heft. 15 u. 16, 1896. 

2) Haraı S. Number and size of the spinal ganglion cells and dorsal root-fibres 
in the white rat at different ages. J. Comp. Neur. Vol. 12. 

5) Haraı, S. Preliminary note on the presence of a new group of neurones in 
the dorsal roots of the spinal nerves of the white rat. Biol. Bull. Vol. 3. 

4) Ranson, S. W. Retrograde degeneration in the spinal nerves. J. Comp. Neur. 
‘and Psychol., Vol. 16. Quoted by DonaLoson l.c. (1915). 

5) WARRINGTON, W.B. and GRIFFITH, F. On the cells of the spinal ganglia and 
of the relationship of their histological structure to the axonal distribution. Brain. 
Vol. 28. Quoted by Ranson. 1912. 1. c. 
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spinal ganglion. R. writes: {1° iS to these non-medullated fibres, 


the axons of the small spinal ganglion cells, that we are to look 


TABLE.» 


fe la i | 5 iR ze Relation Medule Relation be-| Relation be- 


Weight of | Total num- Large | Small between aa a es, | iween 
the body | ber ofccells. cells. cells. ke hat ae er, | and fie large 
10,3 | 10996 2526 | 8470 15347 4 10987 1532 | 12.152 
245 | 973° | 2395 1998 a 2569 | 1:4 1: 0,92 
68,5 11772 | 3546 | 226 1223 3683 | 1:3,2 | 1:20,92, 
167 | 12200 \ 5080 7120 1:10 15 422 1 Su | 1.31 
10,3 142° | 1557 | 5585 1:35 % "rear a Eee 
24,5 1068 1824 | 524 | .1:20 | 88 | 1:82 [= 
68,5 7611 | 2370 5241 122,2 1420 | 1.5.8 | 1:1,6 
167 7406 | 2902 4404 Io 6 1522 1:4,3 Ir 1,2 
10,3 8315 1902 6413 1: 3,4 123,1: 12413 1,265 
245 8200 2044 | 6156 "1:3 91 1:9 1:2,6 
68,5 9514. | 2934 6580 192,2 1317 VER! NZ 
167 9442 | 3677 5765 17:1,5 1644 125,7 | 122,2 


for the explanation of the diserepancy between the number of spinal 
ganglion cells and medulated afferent fibres. If a count were made 
the number would probably closely approximate to that of the spinal 
ganglion cells.” Thus Raxson thinks that in this way he has solved 
the problem quoted from HkipenHaimn above. If, however, we examine 
the figure 15 that R. includes in his work, we see that all the 
black spots in this drawing cannot be axons, but that, if all points 
exist in the preparation, most of them are probably precipitates of 
silver. On the other hand a large number of these black dots, which 
one. can with good reason assume to be axons, show traces of a 
medullary sheath. It is, however, diffieult: to decide such a matter 
when one has not seen the preparation in question, but only what 
is perhaps a skeleton drawing. My own investigations on this point 
show, however, that R. has gone toc far when he writes “If a 
count of the afferent fibres were made, the number would probably 
closely approximate to that of the spinal ganglion cells.” 

It is true that in counting the nerve fibres on the silver impreg- 
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nated dorsal roots I have seen some non-medullated fibres, but 
they have never occurred in my preparations in as great numbers 
as R.. seems to have seen- them. A large number of these finer fibres 
have, as one finds on closer investigation, a medullary sheath, 
although rather a thin one. This fact has caused me to undertake 
a closer and renewed examination of the question of the relation 
between the total number of nerve fibres in the dorsal root and the 
total number of ganglion cells in the spinal ganglion belonging 
to this. 

From the right side of a 3,5 years’ old dog the spinal ganglia 
with their dorsal roots from Th VI, LIV and L VII were taken. 
After fixation and silver-impregnation (according to my modifications 
of the B.-method) the spinal ganglia were put in unbroken series 
of sections, 15 a thick, and the cross-sections at b and c fig. 1 were 
made 10 u thick. 

The results obtained were as follows: 


Th. VI. Total number of ganglion-cells = 8422 
5 T. „ nerve-fibresat5 = 6198 
#5 y» a5 5 see, 26297 
L IV. Total number of ganglion cells = 12181 
2 34 ‚„„ nerve-fibres at = 9003 
He R In sy u 9311 
L V1l. Total number of ganglion cells = 29621 
< T „ nerve-fibres at 5 —= 23627 
n 4 y Niue oRiten 


These figures show that, although each nerve fibre in the dorsal 
root is counted, one does not reach the total number of {he spinal 
ganglion cells. This is also the case if one counts the nerve fibres 
situated immediately peripherally from the spinal ganglion. The 
slightly larger values of the latter nerve fibres are all within the 
limit error in calculation (# 2 per cent). Thus one cannot conelude 
from these figures that the nerve fibres which issue out ofthe spinal 
ganglion into the nerve are more numerous than those which form 
the dorsal root. It was noticeable that the medullary sheatbs were 
more powerfully developed at c than at 5 fig. 1. On the strength 
of the results of my own investigations I wish to state that Ranson 
goes too far, and that the other writers who have worked with the 
method of medullary sheaths do not go far enough in their con- 
elusions with regard to the relation between the number of ganglion 
cells and the number of nerve fibres in the dorsal root. Here, as 
in so many other cases, the motto “in medio veritas” applies. Thus, 
in spite of Ranson, we must take into account the fact that the 
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number of ganglion cells exceeds the number of axons and that thas: 
excess must have some significance. u 

From the silver-impregnated series we obtain an indieation of the 
purpose of this excess in the number of cells. We find that, owBrEN 
intensively the spinal ganglia are impregnated — especially in young 
animals —- there are, all the same, a number of cells that cannot 
be impregnated, in spite of the fact that the adjacent cells show the 
most splendid neuro-fibril structures. It is, however, not always the 
smallest cells that cannot be impregnated, but a number of average- 
sized ones as well, while others of the smallest and the average- 
sized ones show exceedingly fine impregnation. The question why 
this or that cell is not impregnated naturally arises. This is by no 
means the first time that attention has been drawn to the different 
powers for intensive impregnation shown by the spinal ganglion-cells. 
Even in his work on “Zell substanz, Kern und Zellteilung’’ and in 
the presentation volume to Hrxıe, FLEMMING points out that cells 
are stained to different degrees of intensity by the same colouring 
matter, and is of the opinion that this is due to greater or less 
density in the colourable fibres of which the protoplasm is constituted. 
FrescHh, Gıriss, KoTLarkvsky, Konerr and MüLtEer ') and others have 
dealt with this subject more or less thoroughly. FrLescH and his 
pupils, and MöüntLer among others, have studied the capacity for 
staining possessed by the ganglion cells. Konerr states that the 
different capacities for staining are not connected with certain species 
or cells with special. morphological characteristics. The cells are large 
and small, of different shapes, and some of them are distinguished 
by their chromatie nucleus. For the two kinds of cells — the 
strongly and the weakly stained — this author suggests the names 
of chromophila and chromophoba ganglion cells. The author supposes 
(hat some of these different cells are in different funetional stages 
and others are developed to different degrees. MürLer distinguishes 
‚a type of spinal ganglion cells that have, among other characteristies, 
strongly eosinophile protoplasm and nuclej rielı in chromatin ; these 
cells he takes to be developing forms. It is thus not only in silver 
impregnation, but also with ordinary nuclei and protoplasmie 
impregnations that this different intensity in the impregnation appears. 
With regard to these conditions in the BIELSCHOWsKY-preparation, they 
indicate to some extent, as has been mentioned, cells with eleetive 
neurofibril impregnations and to some extent cells in which no neurofibril 


!) MÜLLER, ERIK: Studien über die Spinalganglien. Biolog. förening. förhandl. 
Bd. 1. 1888—89. Stockholm. Other statements in the literature that touch on this 
subject are referred to here. ji 
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structures appear, but where the protoplasm has a marble appearance. 
. The eells with the.evident neurofibril structure may. be of the most 
varying sizes and may-also occur in different stages of development; 
this is shown, among other ways, by the fact that in mammals of 
post-foetal ages a few bi-polar cells are found in this gronp, besides 
the ordinary unipolar cells, (see fig. 12). The cells that are without 
any neurofibril structure, or have merely traces of this, are similarly 
of very different sizes,' aridd on ‚several of them I have found 
formations which could hardly be interpreted otherwise than by 
assuming that the cell is dividing amitotically. On the other hand 
I have not in a single case been able to observe any indications of 
amitofie division in a cell of the former type, in which the neuro- 
fibril structure was evident. The apolar cells also belong to this 
category. 

In a number of preparations from the spinal ganglia of young 
animals (dogs) I have found colonies of nerve-cells situated within 
the same capsule. The number of cells in these colonies varied con- 
siderably. Fig. 4 shows one of tliese colonies with seven cells, in 
which at a few places protoplasmie bridges (bridging: fibrils) go 
from one cell to the other; there are no processes, and the cells 
show a pale shade of colour; there is no neuro-fibril impregnation. 
The references in literature to this condition and a more detailed 
description of it. will be given below. Traces of this difference in 
neuro-fibril impregnation which is found in the spinal ganglia are 
also seen in the central nerve system, although it is not so striking there. 

These facts have led me to set up the following working hypo- 
thesis: The affinity of the neuro-fibrils in the nerve-cells to the 
silver salts (redueing power) seems to vary from being more or less 
powerful to total disappearance during certain metabolie or funetional 
stages. The majority of the pale cells seem thus to belong to such 
an early stage of development that no neuro-fibrils have yet been 
fully developed in them. 

We have now reached the heart of the problem of division, viz. 
the increase of the ganglion cells in the spinal ganglion. With regard 
to this problem Haraı') writes as follows: “We can only say at 
present concerning the division problem that the nerve cells in 
vertebrates, as well as in, invertebrates, have the centrosome and 
the sphare, which are regarded as the dynamic centres of the mitotie 
divisions, and, further, that this centrosome is able to take the first 


-)) Haraı, S. On the Presence of the Gentrosome in Certain Nerve Üells of the 
White Rat J. Comp. Neur. Vol. XI. N®. 1. 1901. 
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steps of division under certain forms of stimulation, as has been 
observed by some investigators; but in the normal state the centro- 
some in an adult cell presents slight morphuological differences from 
that of the embryonie cell, which we interpret as the beginning of 
degeneration”. Harar comes finally to the conclusion that the only 
way to find out whether there is generally a division of ganglion 
cells in the spinal ganglion is to count the number of ganglion cells 
in corresponding ganglia in animals of different ages. Haraı counted 
the ganglion cells in CVII, TAIV and ZII in four specimens of 
Mus norwegicus albinus weighing 10,3, 24,5, 68,5 and 167 grammes 
respectively. I have given a synopsis of the results of his caleulations 
in Table 5 above. At the outset I wish to make tbis critieism 
on his caleulations, namely, that he has contented himself with 
counting the number of ganglion cells in only one spinal nerve in 
each of the cervical, thoracal and lumbal regions, Great variation 
may exist in these, as I have had abundant opportunities of observing 
during my counting of axons. These variations may be so great that, 
in a species in which the total increase of the number of nerve fibres 
in the dorsal roots during post-embryonal growth is, let us say, 
100 per cent., certain nerves in the few days’ old individual 
may, in spite of this, contain more nerve fibres than the corresponding 
nerves in the full-grown animal.') My continued investigations have 
also shown that a similar variation may be found in the number 
of ganglion cells in the spinal ganglion. In this case one has to 
investigate a rather large number of spinal ganglia .in order to 
obtain reliable information by the method used by HarTaı. On account 
of the values obtained by counting (Table 5) H. concludes that “the 
total number of the spinal ganglion cells remains approximately 
constant between 10,3 and 167 grams, though individual variations 
in the numbers of the cells in corresponding ganglia exist. It can 
iherefore be stated that this number does not increase or decrease 
with age.” We must, however, note that the number of ganglion 
cells was throughout larger in the older speeimens (Table 5), although 
the excess in the numbers was not so great. Harar puts these larger 
numbers of cells in the older individual within the limits of the 
variations. It seems as if he cannot admit the possibility that a 
division of cells in a spinal ganglion might oceur. Haraı reveals this 
especially in his eritieism of Bönner’s*) observations. BÜHLER writes: 

“Es kommt wie ich mich bei Frosch und Kröte und auch beim 


ı Further details about this will be given in the more complete account. 
?) BÜHLER, A. Untersuchungen über den Bau der Nervenzellen. Verh. d. Phys. 
med. Ges. Würzburg. N. T. Bd. 39, 1898 Cit. nach Haraı (1902). 
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Kaninchen überzeugen konnte, physiologischer Weise zum Untergang 
speziell der grossen Spinalganglienzellen. Die Degeneration verläuft 
in verschiedenen Formen und allem Anschein nach wenig rapid. 
Man siet in einem Spinalganglion des Frosches c.a. 20—25 unter- 
gehende Zellen, beim Kaninchen relativ noch viel weniger. Die ver- 
loren gegangenen Zellen müssen ersetzt werden und dies geschieht 
wahrscheinlich dadurch, das eine der kleinen durch Wachstum ihre 
Stelle einnimmt. Da nach dem frühesten J ugendstadium eine Vermehrung 
von Nervenzellen nicht mehr vorkommt, muss das Spinalganglion, 
um für die Zeit des Lebens funktionsfähig bleiben zu können, in 
der Anlage genügendes Ersatzmaterial in Gestalt von Reservenzellen 
mitbekommen. Genauere Untersuchungen hierüber zu machen, bin 
ich indessen noch nicht in der Lage gewesen.” With regard to this 
Haraı states: “The above interpretation given by BÜHLER concerning 
the small cells cannot be accepted as far as white rats are concerned, 
for he regarded the small cells as replacing the degenerated large 
nerve cells; if this were the case, then the total number of the 
spinal ganglion cells must be decreased, but the preceding table 
shows that the total number is approximately constant.” 

I have observed in a number of cases in preparations from dogs 
that a number of the larger nerve-cells in the spinal ganglion show 
signs of being in process of degeneration, and in my opinion BÜHLER 
is right in saying that these degenerating cells are replaced by 
young cells which grow out in their place. Harar’s argument to the 
contrary: “If this were the case, then the total number of the spinal 
ganglion cells must decrease” proves nothing at all. It is even fairly 
certain that the degenerate cells are replaced by young cells, which 
grow out and, notwithstanding this degeneration, increase the absolute 
number of ganglion cells during the post-embryonal growth. As a 
matter of fact, Haraı has unconseiously proved this last point by 
his caleulations (Table 5), and his evidence in favour of it would 
certainly have been very much clearer if he had made use of greater 
material and had counted the cells in a larger number of corre- 
sponding spinal ganglia in the animal investigated. 

The caleulations I am making (which I have, however, not yet 
completed) of the number of ganglion cells in the spinal ganglia of 
animals of different ages in the same litter, seem to show that there 
really is an inerease in the number of ganglion cells during post- 
embryonal life, although this increase is not nearly so large as the 
increase in the axons. My preparations have also afforded information 
as to the way in which this increase is brought about. 

$ (To be continued)' 
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p. 1168 line 4 from Ihe bottom: read 0.99165 for 0.99265. 


p. 1174 last line: read “about 07 ” for “about 2107 
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